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A STUDY OF THE EFFECT OF TEMPERATURE 
UPON DIFFERENT REACTIONS AND PROC- 
ESSES 


PRESIDENTIAL AppREss BY H. K. BARrRrows,* Boston SocrETy oF CIviL ENGINEERS 
Marcu 17, 1937 


It was found by Van’t Hoff! (1852-1911) that the rate of activity 
of chemical reactions in general is multiplied by 2 or 3 for each rise in 
temperature of 10° C. Van’t Hoff’s law is often stated in general terms 
that many chemical reactions and physiological processes double in 
activity for every increase in temperature of 10° C. (or 18° F.). This is, 
however, only an approximation. The temperature coefficient of chemi- 
cal reactions, 7.e., the ratio of increase per 10° C., is called Qo and is 
commonly known as the Van’t Hoff coefficient. Accordingly, if a chemi- 
cal reaction was proceeding at rate 1 at 0° C., at 10° C. it would proceed 
at a rate two or three times as fast. At the usual temperatures for 
growth of plants — 20° to 30° C. — this same reaction would proceed at 
a rate from 4 or 9 to 8 or 27. 

Van’t Hoff? determined Q,9 for some seventeen different chemical 
reactions, finding this varying between 1.2 and 3.68 and averaging about 
2.6. He also determined Q,o for the respiration of certain plants (wheat, 
lupines and syringa), which he found to be 2.5. 


* Professor of Hydraulic Engineering, Massachusetts Institute of Technology, Cambridge, Mass. 


and Consulting Engineer. 
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Arrhenius (1859-1927) also studied temperature effects and formu- 
lated a theoretical basis for comparison which may be expressed as 
follows: 


es 
log K,—log Ko= 9 39 RT, = 


where K, and K, are reaction velocity constants at absolute tempera- 
tures T and T., respectively (or the observed temperature in °C. plus 
273.1°). With a log plot of ordinates and linear scale of abscissas 


= this is the equation of a straight line with as its slope. 


(-- ie 
18% 7, 2.30 R 
For a given series of observations such a plot will give the slope C 


in the equation C= (where R is the gas constant, 1.989) and 


Bb 
2.30 R 


hence #=CX2.30 R=4.58 C. 

The factor # as thus determined is the temperature characteristic 
and will be expressed in calories per gram molecule of the reacting sub- 
stance. Recently it has become customary to call this factor the energy 
of activation, using the symbol A in place of #, and this notation will 
be used. 

The relation between Q;9 and A, which varies somewhat with tem- 
perature, may be determined as follows: 


. K 

Since Qi9 = ra and log Qi9=log K;—log K, 
q ( Ws, 7) 2 le 

SE ON ipa ig Lr 


OL, 
A =2.30 R log O19 X- T T. 
dade 
=4.58 (=) log O10 
2S. MOIS 
283.1273 18108 Oe =35; 400 log Qio 
For 10°-20° C. A =38,100 log Qio 


For 20°-30° C. A = 40,800 log O19 
For 30°-40° C. A =43,500 log Q1o 


For 0°-10° C. A=4.58x 


| 
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» ~~ In Fig. 1 are plotted the relations between Qo and A for convenience 
in use. ; 
Thus, for the Van’t Hoff Qjo of 2, often used, A will, for tempera- 
tures between 0°—40° C., lie between 10,700 and 13,000, averaging about 
11,800. 
Considerable study of the Van’t Hoff and Arrhenius temperature 
characteristics has been made, particularly, and more recently, in the 


2 


Fic. 1.— RELATION OF VAN’T HOFF Qi) AND ARRHENIUS A 


fields of physiological chemistry and biology. It appears to be of value 
in hydrology and in the study of evaporation, transpiration and other 
water losses which are of importance as affecting the run-off of streams. 

The purpose of this study is to determine and examine the values of 
Q,9 and A for a variety of processes and compare and relate these as far 


as this may be practicable. 


PRESSURE OF SATURATED WATER VAPOR 


The pressure of saturated water vapor is a factor of fundamental 
importance in hydrology as affecting precipitation and evaporation. 
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The atmosphere contains varying amounts of water vapor, depending 
upon its degree of saturation and temperature. At a given temperature, 
with complete saturation (or 100 per cent relative humidity) this water 
vapor has a fixed elastic pressure, which has been accurately determined 
experimentally. If the relative humidity is less than 100 per cent the 
actual vapor pressure in the air will be correspondingly reduced. 

Variation in the pressure of saturated water vapor shows a very 
marked increase with temperature, following quite closely, as will be 
further noted, Van’t Hoff’s law. This is of importance in producing 
rainfall due to falling temperature and the air reaching the “dew point,” 
where at the lower temperature the air becomes saturated and moisture 
condenses. 

The variation in the pressure of saturated water vapor with tempera- 
ture and the resulting values of Q,9 are given in Table 1. In addition, 
for comparison, are given similar data for the saturated vapor of carbon 
bisulphide and ethy] alcohol.* 


TABLE 1.— VAPOR PRESSURE IN CM. OF MERCURY 


TEMPERATURE WATER CARBON BISULPHIDE ETHYL ALCOHOL 
° ° Vi V 
C. F. Pre on Drocete “\e pee C0 
0 32 0.46 12.8 [p22 

1.98 1.55 1.95 
10 50 0.91 19.8 2238 

TRO? 1.50 1.85 
20 68 1.74 29.8 4.40 

1.82 1.46 1.78 
30 86 eS 43.5 7.81 

1.74 1.42 a ozAll 
40 104 5.49 61.8 1Seod, 
Mean . ; 1.87 1.48 1.82 
A : ‘ 10,600 6,700 10,200 


$$ 


As will be noted from Table 1, the variation of pressure of saturated 
water vapor with temperature follows the general statement of Van’t 
Hoff’s law (Qio=2) quite closely, with Q,9 varying from 1.98 to 1.74 
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and averaging 1.87, for which the Arrhenius A = 9,500 to 11,800 and 
averages about 10,600. The factor Q,o lessens somewhat as tempera- 
tures increase. 

Carbon bisulphide vapor pressure approximates a value of Q,9=1.5, 
and ethyl alcohol, Q;9=1.8. 


EVAPORATION FROM WATER AREA 


Evaporation from water area, according to the law enunciated by 
Dalton, depends (in the absence of wind) chiefly upon the gradient be- 
tween the pressure of saturated water vapor at water temperature and 
the actual vapor pressure of the air. It might therefore also be expected 
to be in harmony with Van’t Hoff’s law, as temperature is the important 
factor in respect to the variation of the vapor pressure gradient. 

Data of observed evaporation from water area include, of course, 
wind effects, — an important factor, — so that only an approximation 
of values of Q,9 in Van’t Hoff’s law can be derived from such observations. 

Based upon observed data at some eight stations of yearly mean 
evaporation and temperature, the following has been determined :* 


TABLE 2.— YEARLY MEAN EVAPORATION AND TEMPERATURE 


TEMPERATURE Mgusly 6 
Evaporation 10 A; 
°C. oF, (Inches) 
i 

0 32 Vi 
1.95 10,200 

10 50 33 
1.54 7,200 

20 68 51 
Mean : f ; ’ - 1.75 9,000 


This phenomenon is therefore in fairly close agreement with Van’t 
Hoff’s law. 
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PHOTOSYNTHESIS OF PLANTS 


Photosynthesis is the process of manufacture of carbohydrates’ ‘in 
the leaf cells of green plants through the action of sunlight and in the 
presence of the chlorophyll. Because of chlorophyll a green leaf is 
typically a starch factory, but working only in sunlight. Plants with- 
out chlorophyll are either parasites or live on dead or decaying plants. 
Photosynthesis is basic to all plant life and hence animal life as well, 
and is the only process in nature by which living matter is made out of 
simple organic chemical elements with the aid of the radiant energy of 
the sun’s rays. All vegetable forms except fungi are engaged in the 
conversion of CO, and water into sugars and starches. The leaves of 
the plant in their chief function carry on this process, the amount de- 
pending upon strength of light, amount of CO, or water present, etc. 
Equally as important as the absorption of CO, in photosynthesis is the 
production and liberation of oxygen. 

The elements of water, HO, are assimilated in photosynthesis as 
well as carbon, and water is a requirement of the process. 

The following statements by Spoehr ® are of interest: 


“So far as the matter of food material is concerned there exists a closed cycle. 
Man feeds partly on animals and animals on plants; the plants feed on the carbon 
dioxide given to the air by animals as a result of the latter’s use of food. Thus the 
plant reconverts the waste products of animal metabolism into food. The latter 
process is called photosynthesis.” 

“All living things on the earth demand for their maintenance and propagation 
a continuous supply of energy. In final analysis plants are the fundamental source of 
energy of all animals as well as man. 

“Tt thus becomes evident that all the life on the planet depends upon the energy 
derived from the sun through the intermediary of the plant, z.e., through the process 


of photosynthesis. Mankind lives entirely on the energy derived from the sun through 
the pursuits of agriculture.”’ 


Spoehr” gives values of Qio for photosynthesis as determined by 


Warburg from experiments upon the unicellular alga Chlorella, as 
shown in Table 3. 
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TABLE 3.— PHOTOSYNTHESIS OF CHLORELLA 


eee Sl 


TEMPERATURE 
Relative Light Q 
°C. oF. Intensity 10 

| | 

5-10; «|. -41-50 - 4.7 23700 . +, 
45 4.3 22,400 
10-20 50-68 45 AS 12,300 
16-25 61-77 16 2.0 11,800 
I 1.8 1.06 1,000 
20-30 68-86 ) 45 1.6 8,200 
25-32 77-90 | 1 1.0 0 


In Table 3 is included the relative light intensity in each case, and, 
as will be noted, Qo is approximately 1 with low light intensities and 
high temperatures. 

This substantiates the view held by a number of investigators, 
that the process of photosynthesis involves two reactions, viz., (1) an 
ordinary chemical reaction, which determines the rate of the process 
at high illumination intensities and has a high temperature coefficient; 
and (2), a photochemical reaction which determines the rate of the 
process at low illumination intensities and has a low temperature coeffi- 
cient. No satisfactory explanation appears for the high values of Qo 
at low temperatures, although this appears to be a common occurrence 
in biological processes. 

As will be noted from Table 3, between about 10°-30° C. (or 50°-86° 
F.) with high light intensities, Q,9 approximates 2 (A= 11,800). 

Van den Honert (quoted by Spoehr) also gives in a recent paper® 
for photosynthesis at temperatures between 12° and 20° C., with high 
light intensities, a Qj9=1.87 (A =10,500), but when light is a limiting 
factor Qi9 = +1 (A=0). 

In the process of photosynthesis where CO, is absorbed and as 
H,CO; reacts with the chlorophyll the Van’t Hoff Qo is found to lie 
between 2 and 3 (A=about 11,000 to 18,000) according to Harvey, 
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although certain other stages he calls physical processes, and fixes 
Qio at 1 to 1.4 (A=0 to 5,700). 

In leaves which are rich in chlorophyll the sunlight intensity can be 
reduced to one half or even one quarter the normal without slowing of 
the photosynthetic rate, showing that light intensity may exceed the 
maximum required. When light and CO, are not limiting factors, viz., 
in high light intensity, the so-called Blackman reaction occurs, and 


the photosynthetic process has a Qo in the vicinity of 2, as shown 
in Table 4.6 


TABLE 4. — PHOTOSYNTHESIS — BLACKMAN REACTION 


TEMPERATURE 
; Rate of QO 
Blackman 10 A 
°C. oR, Reaction 
10 50 100 
2.30 13,800 
20 68 230 
1.74 9,800 
30 86 400 
Meaniwre s. e004 \ieiie cae | . 2.02 11,800 


TRANSPIRATION OF PLANTS 


The under surfaces of leaves of plants (and to some extent the upper 
surfaces) have numerous small openings called stomata, protected by 
so-called guard cells which serve to close the stomata. These guard cells 
become swollen and spherical after absorption of water brought up in 
excess into the leaves. In this condition, because of their structure, they 
fail to block effectively the small openings or stomata, and excess water 
in the leaves escapes. 

The amount of water transpired by different plants has been segre- 
gated and determined experimentally by Briggs & Shantz and others.® 
Thus, for wheat a water requirement of 1,357 times the weight of wheat 
kernels produced was found, which would correspond to about 7 inches 


depth of water upon the cropped area during the growing season, with 
a crop yield of 20 bushels per acre. 
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Meyer?® has concluded that transpiration follows Van't Hoff’s law 
with Qio=2 (A=about 11,800), stating that the law applies for the 
fixation of CO, by plants, and that transpiration is a part of this process 
and would therefore follow the same law. 

Warburg" gives a diagram showing the relation of temperature to 
the respiratory rate of Chlorella, from which Table 5 is prepared. 


TABLE 5.— RESPIRATORY RATE OF CHLORELLA 


eee eee 


TEMPERATURE 
Respiration Q A 
°C, oF, i 

0 a = a5 = 

10 50 37 
1.89 10,500 

20 68 70 
2.07 12,800 

30 86 145 
Mean 2 : : é = 1.98 11,600 


These results appear to confirm Meyer’s conclusion that transpira- 
tion follows Van’t Hoff’s law with a Qi of approximately 2 (A = 11,800). 


THE FREQUENCY OF CHIRPING OF CRICKETS 


The male of the common snowy tree cricket (Oecanthus niveus) pro- 
duces a shrilling sound or chirp, made by raising the upper or fore wings 
and rubbing them on the hind wings. The noise is due to the clear drum- 
head-like area in the middle of the fore wings, forming a resonant 
surface; on the hind wings is a raised toothed ridge, which rubs on the 
drumhead above it. It is noticeable that the chirps of the cricket increase 
in rapidity as temperature increases, also that crickets tend to chirp in 
unison. 

The speaker has for some time made observations of cricket chirps 
and temperature, and the results of some of these are plotted on Fig. 2. 


66 BOSTON SOCIETY OF CIVIL ENGINEERS 


While a few of these observations plot discordantly, on the whole’ they 
are consistent, and enable the establishment of an approximate curve of 
relation between chirps and temperature. 


a 


Temperature °F. 


Chirps per minute 


Fic. 2.— RELATION OF CRICKET CHIRPS AND TEMPERATURE 
OBSERVATIONS BY H. K. Barrows 


An approximate straight line relation is — 


T=38°+ e 
4 


where 7 =temp. °F. 


and C= chirps per minute. 


The formula 7=39°+0.23 C is slightly better in fitting the upper 
part of the observations. 
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Any straight line relation is approximate, however, and the curve 


shown on Fig. 2 is more accurate and has been used in obtaining the 
results in Table 6. 


TABLE 6.— Curres or CRICKETS 
eee 


TEMPERATURE | 
Cricket Chirps QO A 
°c. = per Minute 10 
10 50 l 44 
| Pe 16,500 
20 68 120 
| 1.76 10,000 
30 86 212 
Mean : ¥ g E | — 2.24 13,200 


THE FREQUENCY OF SHRILLING OF LocuUsTs 


Mr. E. J. Lynde of the Pasadena, California, water department has 
made observations of the shrilling of locusts as affected by temperature. 
Locusts and grasshoppers, of the same order (Orthoptera) as crickets, have 
their sound organs at the inner base of the fore wings and produce their 
shrilling sound by rubbing thighs against the fore wings. Lynde’s obser- 
vations, numbering fifteen or twenty, were made in 1935 and were all 
made with one specimen. He developed an approximate straight line 
curve relation of 


T =50+0.26 C 


(with notation as previously given for crickets). This would give the 
results in Table 7. 
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TABLE 7.—SHRILLING OF Locusts 


eT 


TEMPERATURE Shrilling O n 
°C, | oF, of Locust 10 
10 50 0 = a 
20 68 69 = = 
2.0 12,200 
30 86 138 
iso 7,700 
40 104 208 
Mean . ; : , - Lets 10,000 


More extended data would no doubt indicate that here, as with 
cricket chirps, a curved rather than a straight line relation would fit the 
upper portion of the observations better. It is likely that Q;9=2 also 
applies fairly well in this case. 


RHYTHMIC ACTIVITIES OF ARTHROPODS 


Crozier and Stier!” have listed values of A as follows for rhythmic 
activities of arthropods: 


ACTIVITY F A 
Parajulus, velocity of progression . , : F : P : 12,250 
Ants, velocity of progression . F ' : é 2 : ‘ 12,250 
Tree crickets, frequency of chirping (Shull) — . : : ‘ : 12,200 
Fireflies, frequency of flashing é ‘ : ‘ : : d 12,200 
Limulus, frequency of heartbeat . : : : : ; ; 12,000 
Ceriodaphnia, frequency of heartbeat. : : ; 3 : 12,100 
Bombyx larvae, frequency of heartbeat . Q : : 5 ; 12,200 
Added by Hoagland: 
Tent caterpillar, frequency of pedal movements : ‘ : : 12,200 
Cockroach, frequency of heartbeat ; : : : : , 12,500 


These all show remarkable uniformity in A at about 12,200 
(Qio = about 2.1). 
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DIGESTION RATE OF SLUDGE IN SEWAGE TREATMENT 


In the treatment of sewage by sedimentation and separate sludge 
digestion the sludge is pumped into a tank or digestion chamber, with 
a resulting anaérobic decomposition of solids. To expedite digestion 
(1) the incoming solids are thoroughly mixed with digesting sludge, 
and pocketing of fresh solids thus avoided; (2) the settled solids are 
introduced while fresh, 7.e., before acid fermentation has set in; and 
(3) the digestion tank is maintained as warm as practicable.!% 

Temperature is therefore an important element in separate sludge 
digestion treatment, and its effect in stimulating digestion and lessening 
the necessary time of sludge storage has been given considerable atten- 
tion. 

Fair and Moore" use the reciprocal of the relative time of digestion 
as a measure of the overall rate of digestion and to indicate reaction 
velocity. They have for the results of various observers plotted tem- 
perature °C. against relative rate of digestion, using the rate at 25° C. 
as unity, and from their plot }* the results in Table 8 are taken. 


TABLE 8.— RELATIVE DIGESTION RATE OF SLUDGE 
a SE A CCAR | 


TEMPERATURE Relative re) 
Digestion “10 A 

LAGE Ais Rate 
10 50 0.36 

2.00 11,400 
20 68 0.72 

1.78 9,600 
25 qty 1.00 
28 82 1.20 
rn 0.0 0 
42 108 1.20 
42 108 1220, 

1.67 10,000 
52 126 2.00 

2.09 14,500 
55 132 2.50 


As will be noted from Table 8, from 10° to 25° C. Van’t Hoff’s law 
applies and Qjo is in the vicinity of 2; this is again true between 42 
and 55° C., but from 28° to 42° C. the curve is entirely at variance, 
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with little or no increase in activity shown. Fair and Moore suggest 
that temperatures between 28° and 42° C. are progressively more un- 
favorable to the existence of the non-thermophilic organisms which do 
the work of digestion below 28°. Thus any increase in the velocity of 
the chemical reactions by which the bacteria sustain life and convert 
solids into gas and residue is compensated and ultimately turned into 
a net decrease in activity by the adverse effect of the higher tempera- 
tures on the bacteria themselves. In practical sludge digestion little 
is apparently gained by raising the temperature above 28° C. (82° F.), 
and nothing by raising it above 33° C. (91° F.) unless intending to go 
all the way to 50°-55° C. in order to take advantage of thermophilic 
digestion. It is to be noted that this is not true of activated sludge, 
which appears to be benefited continuously up to 55° C. 


OxyYGEN DEMAND OF POLLUTED WATERS 


The decomposition and mineralization of organic matter by bacterial 
activity are accompanied by depletion of the dissolved oxygen. The 
demand of sewage for oxygen therefore reflects both the nature and 
quantity of the organic matter it contains. The biochemical oxygen 
demand, or the rate of aerobic decomposition of sewage, is a quantita- 
tive measure of the pollutional characteristics of a river water, sewage or 
industrial waste. 

The variation in oxygen demand with temperature has been studied 
by Pleissner, Streeter and Phelps, from whose investigations Table 9 is 
prepared, using average values of the results obtained. 


TABLE 9.— OxyYGEN DEMAND OF POLLUTED WATERS 


TEMPERATURE | Two-Day - 
/ we 3 
2: oF. || Oxy aon Demand e = 
: 32 32 
2.00 10,500 
ai 50 64 
| 1.56 7,350 
ou 68 100 
1.40 6,000 
= 86 140 
1.30 5,000 
40 104 182 
. Mean - ee a 
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For the ordinary range of river temperatures, 0°—20° C., Q19 would 
average about 1.8 (A =9,500), or not greatly at variance with Van’t 
Hoff’s law; for higher temperatures Qjo falls off, reaching 1.3 for 
30°-40° C. and averaging for the entire range, 0°-40° C., 1.56 (A =7,500). 


RATE OF GROWTH OF ICE SHEET 


The rate of growth of ice sheet in still water at different tempera- 
tures has been studied both experimentally and in theory. Barnes?” 
gives a table based upon an analysis of actual observed data which he 
has found to hold quite accurately for fairly large temperature differ- 

ences, and from which Table 10 has been prepared. 


TABLE 10.— RATE oF GROWTH OF ICE SHEET 


TEMPERATURE 

—10° C. —20° C. — 30° C. — 40°C. 

THICKNESS OF ICE (INCHES) (14° F.) (—4° F.) (— 22° F.) (—40° F.) 

Time Time Q | Time Q Time Q 
(Days) (Days) 10 (Days) 10 (Days) 10 
emer’ 2 ; : 2 .089 .043) 2.03 .028) 1.53 SO22 tale 20 
OM 2 : : f ; 1595 0.98 | 2.00 O65"| 1550 0.49 | 1.32 
HOM ©: ; : : : Sigil 2.60 | 2.00 efi AP thekt®) 1.29 | 1.34 
i E : , ; 7.38 3.69 | 2.00 2.46 | 1.50 12S 5oleleoo 
aN. : : : . | 28.60 || 14.30 | 2.00 pee ee) He Aly 4] e383 
sme 2 : : : TGS AGO sd Som 2200) 21.235) 1,507" 15292) 151233 
Mean... : F : , 2.00 1.50 LoS 
A 11,400 6,850 4,700 


In the case of ice formation the rate of growth, of course, varies 
inversely with temperature, but at ordinary winter temperatures in this 
latitude (—10° C. to —20° C. or 14° F. to —4° F.) appears to have a 
O19 of —2.0 (A= —11,400). For low temperatures O19 and A diminish, 
becoming —1.33 and —4,700, respectively, for the temperature interval 
— 30° to —40° C. (—22° to —40° F.). 
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BIOLOGICAL STUDIES OF TEMPERATURE EFFECTS 


Many biological studies have been made following the temperature 
method of analysis, and the results of some of these are listed in Table 11. 


TABLE 11.—- BroLoGicAL StupIES OF TEMPERATURE EFFECTS 


aT 


Nie. PROCESS Reference Tare eae A 
mately) 
1 Frequency of heart rhythm of silk worm. 18 2.40 12,250 
2 | Frequency of breathing movements of gold 
fishies : ; - : 2 : 19 240 16,500 
3 | Frequency of heartbeat in Nerezs virens Sars 20 1.65 8,300 
to to 
4. 24,400 
4 | Respiration rate of earthworm . : : “il 1295 11,000 
5 | Rate of breathing movements of frog é 22 1.70 8,600 
6 | Rate of breathing rhythm of fondulus — 23 
In salt water ; : : ‘ : Lo67 8,400 
In fresh water: 
Below 9.5° C. . : : : : he, 16,400 
Above 9.5° C. . : : : ; 2.00 11,300 
7 | Oxygen consumption of earthworms . : 24 1.95 11,040 
8 | Human brain waves, frequency of alpha 
rhythms: 25 
Normal 5 A : 3 : 4 1.63 8,000 
Paretic : : : : . : 1.96 11,000 
More paretic : : : : : 2.62 16,000 
Mean = 2.14 12,500 


———— EEE 


One of the most interesting of the biological studies in Table 11 is 


that relating to the frequency of alpha rhythms in human brain waves 
as described by Hoagland:** 


Recent work from several laboratories has shown that various groups of cells in 
the mammalian brain exhibit what appears to be “‘spontaneous”’ electrical activity 
providing rhythmic waves of potential variations at characteristic frequencies. The 
most readily detectable of these rhythms, the alpha rhythm, also called the “Berger 
rhythm,” has been shown to arise in a localized region of the occipital cortex. In 
man these occipital potential fluctuations of from 50 to 100 microvolts may be ob- 
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tained, with a suitable recording system, directly through the skull merely by placing 
pad electrodes on the head, one preferably on the occiput, and the other on a region 
anterior to the vertex. . . . The alpha waves occur at a frequency of about 9 or 10 
per second. The rhythm is remarkably constant in a given individual, and seems to 
be characteristic of activity of the otherwise “resting”’ cortical cells, since pattern 
vision usually inhibits it, probably due to a breaking up of the synchronized beating 
of the cells, when they are thrown into specific patterns of activity by light. The 
rhythm is also inhibited during emotional disturbances. 

It is reasonable to suppose that the alpha rhythm from the occipital cortex may be 
due to the activity of a “relaxation oscillator” system resulting from continuous, 
entirely non-rhythmic, metabolic events going on in the cortical cells. The frequency 
of the rhythm might, therefore, be expected to be directly proportional to the speed of 
these local metabolic events. 

(Relaxation oscillations, in contrast to those produced by the reactions between 
elasticity and inertia, for example, are rhythms set up from any system in which a 
continuous source of energy stores up a potential, which at some cortical value dis- 
charges itself and in so doing tends to channel its pathway, thus releasing the charged 
store.) 


The experiments to examine the alpha rhythm as a function of 
temperature were made by Hoagland upon ten subjects at the Worcester 
State Hospital. 

The subject was placed in a bed, thoroughly wrapped to prevent 
heat loss, and his temperature elevated by passing high frequency alter- 
nating currents through his body. Rectal temperatures were taken every 
fifteen minutes with a clinical thermometer during the one and a half to 
two hours that were necessary to elevate the temperature. Immediately 
after recording each temperature, in the course of the procedure, elec- 
trodes were put on the subject’s head, the high frequency current turned 
off, the subject blindfolded, and one or two minutes later the alpha 
rhythm was recorded continuously for some fifty seconds by a Larceau 
recording system, consisting of an amplifier and ink-writing undulator 
recording on a paper tape. 

Of the ten subjects studied, three were normal, one a mentally normal 
multiple sclerosis patient, and six, general paretics in various stages of the 
disease. ; 

It is of interest to note from Table 11 that the normal subjects 
showed an A of 8,000, the mildly paretic 11,000 and the more advanced 
paretics 16,000, suggesting, according to Hoagland, ‘“‘a definite shift in 
the chemical pacemaker determining the oscillations with the more 


advanced state of the disease.” 
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SUMMARY 


In Table 12 is given a summary of values of Qi and A prepared 
from the eleven different groups of processes or reactions, noting that 
Group 11 shows the results of eight different studies and that twenty- 
four experimental items in all are included. 


TasLe 12.— TEMPERATURE EFFECT STUDY 


Q 
Group PROCESS OR eed Rd das BY Generalitiatace pene # 
mately) 
1 | Variation in pressure of saturated vapor | Physical 
Water . ; 1.87 10,600 
Carbon bisulphide : d 1.48 6,700 
Ethyl alcohol . : : F ; 1232 10,200 
B Evaporation from water area : . | Physical 1.js=| 9000s 
3 | Photosynthesis of plants: 
Blackman reaction . , ‘ . | Chemical EAR 11,800 
Low light intensity . : : . | Photochemical} 1. 0 
4 | Transpiration of Chlorella. i . | Physical 1.98 11,600 
5 | Frequency of cricket chirps . : . | Physiological 2.24 13,200 
6 | Frequency of locust shrills  . , . | Physiological ier As) 10,000 
7 Rhythmic activities of arthropods . | Physiological Deel 12,200 
8 | Digestion rate of sludge (except 28° to | Biochemical 1.67 10,000 
AD Go) to to 
2.09 14,500 
9 | Oxygen demand of polluted water . | Biochemical TS) 7,500 
10 | Rate of growth of ice sheet . : . | Physical 2 —11,400 
to to 
Sie —4,700 
11 Miscellaneous biological studies. . | Biological 
Range . : 2 : 4 4 1.67 8,400 
to to 
4.4 24,300 
Mean . : , ‘ : ; 2.15 12,500 


eee 


_ The general nature of each process is also stated, and in accordance 
with this approximate group results are given in Table 13. 
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) TABLE 13.— Group SUMMARIES OF TEMPERATURE EFFECT STUDIES 


| 0 
Number 10 A 
of 
Group NATURE 
ems Wari: ete rs ee 
Sy ev EL Riera aces arr 
8 Physical . 2a Ee SS 185, 16,000 | 4,700 10,000 
2 Chemical 2.6 1.0 1.9 15,700 0} 10,200 
3 Physiological ZL Grdedt S75 ic 2-O 12,600 | 9,200 | 11,400 
x Biochemical 2.09.1) 4.567) 1-8 14,500 | 7,500 | 10,700 
8 Biological 4.4 LeOde 5 24,300 | 8,400 | 12,500 
Mean of 24 items . 2.65 | 1.46 | 1.94 16,600 | 6,000 11,000 


Qo has a mean value of 1.94, a mean maximum of 2.65, and a mean 
minimum of 1.46. 

A has a mean value of 11,000, a mean maximum of 16,600, and a 
mean minimum of 6,000. 

It will be also noted from Table 13 that the various groups show 
mean values of Q;9 and A which vary through a relatively small range. 
Thus the mean Qj varies from 1.8 to 2.15, and A from 10,000 to 12,500. 


CONCLUSION 


In this study a wide variety of processes and reactions have been 
included, and at first thought it might seem unlikely that such diverse 
processes and reactions would show any degree of uniformity in the tem- 
perature characteristics Q,9 and A in even their comparison by averages. 
They are all, however, fundamentally chemical reactions in that they 
involve molecular activity. 

Thus, variation in the pressure of saturated water or other vapor 
with temperature involves molecular activity, although grouped as a 
physical process. The same is true of evaporation from water area and 
also the formation of sheet ice. 

Photosynthesis involves chemical reactions, stimulated by light in 
the presence of chlorophyll. Transpiration is a part of the process. 


Again molecular activity is involved. 
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The chirps of crickets, the shrilling of locusts and the rhythmic 
activities of arthropods, as well as the numerous processes included 
under the other biological studies in Table 11, are all phases of molecular 
activity in connection with the metabolism of these creatures. 

Sludge digestion and oxygen demand of polluted water involve 
bio-chemical processes and again molecular activity. 

It is entirely consistent, therefore, that these various processes and 
reactions should show a degree of harmony in respect to their tempera- 
ture reaction characteristics, 0,9 and A, and this appears to be the case. 

The study of the temperature reaction coefficients Q;) and A is 
likely to be of value in the field of hydrology, particularly in studies of 
run-off based upon the determination of water losses as compared to 
precipitation. This has already been realized and applied in the deter- 
mination of transpiration losses, but requires more experimental studies 
and research. Evaporation from water areas may perhaps be studied 
from this angle, particularly in the recent so-called rational or solar 
energy method of its determination, which is in a formative stage 
of development, requiring more research and experimentation. Soil 
evaporation is another type of water loss of great importance, in which 
the study of the temperature coefficients may be useful. 

While little new basic data have been contributed by this study, 
it is hoped that the review of a rather broad field of processes and ac- 
tivities as related to temperature reactions may be helpful in a liason of 
the fields of chemistry, biology and engineering. 

Acknowledgments are made for the kind assistance of Prof. Gordon 
M. Fair of Harvard University, and Dr. I. W. Sizer and Dr. J. W. M. 
Bunker of the Massachusetts Institute of Technology, as well as for 
data supplied by Mr. E. J. Lynde of Pasadena. 
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STRUCTURAL STEEL BEARING PILES — THEIR 
USE AND CAPACITY 


By E. L. DurKEeE AND R. L. McINtTosH * 


(Presented at a meeting of the Designers Section of the Boston Society of Civil Engineers held on 
January 13, 1937) 


WHILE structural steel bearing piles have been in use in this coun- 
try for over thirty-five years, it is only during the last four or five years 
that their use has become at all widespread. Their advantages and 
possible methods of use are just beginning to be exploited by the steel 
companies, and adequate data regarding their use and capacity are so 
meagre that many engineers have scarcely even heard of them. Even 
those who know most about them are not fully aware of the best details 
of their employment, and hesitate to take full advantage of their 
capacity, which is admittedly a difficult quantity to determine except 
by actual test. Their use has been approved by most of the state high- 
way departments and Federal agencies, and is provided for in the 
new building code for the city of New York. 

Metal piles have been used for nearly one hundred years, since 
1838, in the form of cast-iron pipes and solid wrought-iron shafts, prin- 
cipally in the construction of ocean piers and wharves. Such piles had 
little penetration and depended for their supporting power on either a 
disk or a broad screw flange attached to the foot. The disk pile was 
jetted down a few feet, just enough to get below the line of possible 
scour, while the screw pile was turned into place, sometimes with the 
aid of a jet also. It is doubtful if there are any such structures still in 
use in this country, but there are a number of them in Central America, 
built mostly by European firms. Some of them have been in active use 
for over thirty years. There are two in Costa Rica, one at Puenta 
Arenas, on the west coast, and the other at Puerto Limén, on the east 
coast. 

The latter is a T-shaped structure, designed and built nearly fifty 
years ago by a Belgian firm for the Costa Rica Railroad. The approach, 
or stem of the T, is about 1,200 feet long and 30 feet wide to accommo- 
date two railroad tracks. The cross of the T is 1,000 feet long and 75 feet 


* Engineers with Bethlehem Steel Company, Bethlehem, Pa. 
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wide. The piles are of two types, the outside line around the entire 
wharf being a solid wrought-iron shaft 6 inches in diameter. All interior 
piles are cast-iron cylinders 18 inches in outside diameter, and with 
walls 144 inches thick. They stand in 30 to 35 feet of water at the 
outer end of the pier and are completely braced down to the ocean bot- 
tom with three or four panels of pin-connected rod bracing, with turn- 
buckles for adjustment, and double channel struts. The piles are spaced 
about 15 feet apart in the bents, with 20 to 24 feet between bents. 

The solid wrought-iron piles show appreciable damage from corro- 
sion, particularly at the water line.- The cast-iron piles show no signs 
of any deterioration whatever. The original bracing rusted through 
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Fic. 1.— THe UNDERSIDE OF THE METALLIC PreR AT PUERTO LIMON. 
Notre THE HEAVY GROWTH OF BARNACLES; ALSO THE METHOD OF 
CONNECTING THE BRACING TO THE CAST-IRON PirpE PILES 


and was replaced about fifteen years ago, an expensive operation requir- 
ing four years’ time. All piles are fitted with screw ends, and a num- 
ber of extra tips and sections of piling are still stored near the site. 
The deck framing consists of built-up girders and rolled beams, 
presumably of wrought iron, and nearly all of the original construction. 
The deck is of timber plank. The condition of the floor metal is quite 
remarkable, even the rivet heads in the under side of some of the girders 
showing no signs of pitting, although only 6 to 8 feet above the water. 


The metal has been protected with what is known as ‘Panama Mixture” 


or ‘‘Cunningham’s Mixture,’ consisting of cement, kerosene and coal 


tar, applied hot. 
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Considerable emphasis has been given to this all-metal pier, 
because, in spite of the fact that such construction was in use before the 
turn of the century, most of our piers in this country today still are 
founded upon timber piles, which are more susceptible to damage and 
deterioration, and have much less capacity. It is true that steel pipes 
and tubes filled with concrete have been used as piles in building founda- 
tions on rock, particularly in New York City and vicinity, for about 
thirty-eight years, but most of our harbor and dock work has continued 
the use of timber piling. Concrete piles and framing have been used in 
pier construction to a considerable‘extent, but concrete is not entirely 
satisfactory and has its limitations. The most flexible type of material 
and construction available for this purpose is certainly steel, but it is 
only in the past few years that there has been any real tendency in this 
direction. The recently reconstructed platforms of Commonwealth 
Pier No. 5 at South Boston is an excellent example of such an all-steel 
structure, and is a credit to those responsible for its ingenious design 
and construction. 

The use of structural steel bearing piles in this country originated 
shortly before 1900, in highway bridges in Nebraska and adjoining 
States. The earliest piling, in the form of I-beams and fabricated sec- 
tions made from plates and angles, was used in what proved to be a 
successful effort to meet the serious problem caused by the undermining 
of bridge piers and abutments on pile foundations in heavy gravel and 
sand, which limited the depth to which any other type of piling could 
be driven. It was demonstrated that the steel piles could readily be 
driven to depths safely below the scouring action of the streams. The 
steel piles also solved another serious problem of providing the neces- 
sary structural resistance to damage from impact of ice floes. 

A typical instance of such a condition was the difficulty of main- 
taining safe bridge crossings over the Platte River in Nebraska. This 
river is wide but shallow and has an extensive drainage area. Because 
of these characteristics, ice floes developed which were out of all propor- 
tion to the discharge capacity of the stream. At such times, the rising 
river would open up new channels with a terrific scouring action, in 
many cases undermining the bridge structures. The only salvation for 
them was the development of foundation piles capable of being driven 
well below the level of possible scour. I-beams and fabricated steel 
piles provided that solution. 

After 1908, when the rolled steel H-column section was first intro- 
duced in this country by the Bethlehem Steel Company, the H-section 
was soon recognized as particularly well suited for use as piling. So 
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successful was the H-piling that the use of the older types of structural 
steel piles was soon abandoned in favor of this section. 

The early use of steel H-piles, primarily as a means of combating 
stream scour and resisting attacks from floating ice, also demonstrated 
that greater loads than usual could be safely carried by the more deeply 
driven specimens. A simple method of testing the bearing capacity by 
means of hydraulic jacks was developed, and a great many loading tests 
were made which demonstrated the high bearing capacity of the steel 
H-pile. The greater loads that could be placed on them thus permitted 
their use with initial economy in addition to providing long-term econ- 
omy by affording security against scour and ice, and other damage. 

Through recognition of its many inherent advantages this type of 
piling was widely adopted throughout the West. Even in 1932, over 
10,000 bridges stood on steel H-piling just in the territory between the 
Continental Divide and the Mississippi River. In this area there is a 
great diversity of soil and climatic conditions. Within recent years 
there has been a great increase in the use of steel H-piles in other parts 
of the country which can be attributed largely to the excellent service 
rendered by the early installations of thirty to thirty-five years ago. 
Generally it has been shown that the loss of metal from corrosion was 
too small to be of any consequence. During the last few years the use 
of steel H-piles has extended to practically every class of work for which 
bearing piles are required, and particularly where high bearing values 
can be developed. 

One of the principal uses of steel H-piling has been for highway 
bridges of the trestle-bent type for which it is particularly well adapted. 
Bents of steel H-piling can be easily and adequately braced and capped. 
Steel H-piles are also being used extensively under concrete piers and 
abutments of bridges in place of timber piles. There is now hardly a 
State in this country without some examples of highway bridges founded 
on steel H-piling. 

Several prominent railroads are using steel H-piling for permanent 
and temporary bridges and trestles. Some of these temporary trestles 
employ only two steel piles in each bent, where formerly five timber 
piles were used. Loads up to 70 tons are common. The high salvage 
value of the steel piles is an important consideration in their use in 
temporary structures, since they are not nearly as susceptible to damage 
in driving and pulling as are timber or concrete piles. 

; In the construction of ocean piers and wharves of the platform type, 
steel H-piles are being used to advantage, particularly where the waters 


are infested by marine borers. 


82 BOSTON SOCIETY OF CIVIL ENGINEERS 


Other types of construction in which H-piles have been used as the 
foundation are locks and dams, industrial buildings, grain elevators, 
water tanks and falsework for bridge erection. The new Civic Center 
Building in San Diego, California, now under construction, is a monu- 
mental building founded on 1,500 steel H-piles amounting to 1,300 
tons. The necessity for designing against earthquake shock was a 
determining reason for their use in this structure. 

Steel H-piles are, of course, utilized to greatest advantage in loca- 
tions where they can be driven into hard ground material, such as hard- 
pan or shale, or to firm bearing on solid rock. In such cases extremely 
high bearing capacities can be developed; in fact, the capacity of the 
pile as a column or at some maximum allowable unit stress. In cases 
where an extreme penetration is necessary to reach a firm stratum, it 
can be accomplished readily with steel H-piling. On account of the 
facility of splicing, even to develop 100 per cent of the pile section, 
there is practically no limit to the length which can be used. 

While similar results might be shown for other types of piles if 
tested so extensively, the many loading tests to failure which have been 
made on steel H-piles when used as friction piles have generally shown 
that much greater loads could safely be applied than were indicated by 
an ordinary pile-driving formula of the Engineering-News type. The 
steel H-pile, on account of its material and shape, transmits a higher 
proportion of the driving energy into effective work of soil penetration 
than do piles of other material. For this reason, it is obvious that with 
a given penetration during the driving, a steel H-pile overcomes more 
frictional resistance than does another type of pile which cushions the 
hammer blow to a greater extent. 

Consideration should be given to the life of steel piling. When 
exposed and unprotected, it is, of course, subject to corrosion, but evi- 
dence shows that the actual amount of deterioration from this cause is 
generally over-estimated. In most structures where steel piling is used, 
only a small portion of it requires special consideration from the stand- 
point of corrosion. If any portion is to be submerged, it can be pro- 
tected by proper paint application before installation. The portion 
extending above water or ground level can be protected either by paint- 
ing or by encasement in concrete. As to the best coating for steel piling 
subjected to sea water exposure, although there are differences of opin- 
ion, experience indicates that a coating of tar or of asphalt emulsion 
seems to offer one of the best protections. Probably a priming coat of 
good red lead paint is desirable, and some of the newer paints having a 
synthetic vehicle base have proved extremely suitable for the purpose. 
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Most concern as to the life of steel bearing piles is usually felt for 
that part driven into the ground. Tests and inspections of steel driven 
into the ground indicate that corrosion decreases with the depth as free 
oxygen is excluded from contact with the steel and as the earth becomes 
more compact with its depth. The products of initial corrosion accumu- 
late on the surface of the steel and form a protective coating which is 
not removed as is rust on unburied steel. This accounts for the con- 
tinuous decrease in the rate of corrosion loss of buried steel. The Bureau 
of Standards’ investigation of corrosion of ferrous pipe materials buried 
in shallow trenches in forty-seven different soils in the United States 
indicates, after a twelve-year study, an average corrosion penetration 
of the open hearth steel specimens amounting to .00084 inch per year. 
At that rate of corrosion loss, it would require about eighty years for the 
loss of the outer 's inch of metal. Most specifications for the use of 
steel pipe piles provide that in calculating the effective area of the 
steel, the outer 3’; inch be deducted from the cross section of the pipe 
to provide for corrosion loss. Apparently, however, no pipe piles which 
have been examined have shown more than about gq-inch loss in 
twenty-five years. 

There is now sufficient information available on the life of steel 
piles to indicate that the structures which they support will be out- 
moded in most cases long before concern will be felt for the life of the 
piles. Exceptions are piles exposed to abrasive action of sand in strong 
currents of water, to an unusual form of growth found in certain tropi- 
cal waters, and to certain unusual soil conditions. In such cases special 
methods of protection ‘are necessary. 

Just recently some steel sheet piling was removed from the mu- 
nicipal docks in Miami, Florida. This piling had been installed in 
bulkhead construction for ten years. The portion of the pile which had 
been below harbor bottom appeared to be just as smooth and in as good 
condition as when it was new. The portion between harbor bottom 
and low-tide level was practically in the same condition. Between high 
and low tide levels, the pile was only slightly rusted. The roll mark 
was still clearly visible. This slight corrosion between tide levels was 
due to the protection afforded by a coating of oil from the oil film ever 
present on most harbor waters. The worst rusting was above high-tide 
level. The pile was rusted and pitted in some places on the water side 
only, but not badly. All of the piling pulled was in such good condition 
that it was driven in another location, end for end, without cutting off 


any of the top portion. 


It is understood that on an important viaduct structure in the 
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South, to be built with P. W. A. funds, a thirty-year loan was granted 
for the structure on steel H-piling or precast concrete piles, while on a 
similar structure built a few years ago on creosoted timber piles only a 
fifteen-year loan was granted. 

Probably the most frequent and troublesome question raised re- 
garding steel piles — and any other kind of piling, for that matter — is, 
what load will they carry, and how far must they be driven. Steel is a 
more expensive material for piling than either timber or concrete, and 
in order to fully justify its use economically it must carry greater loads, 
proportionately, than other types of piles. 

Steel piles are usually driven to place by a succession of impacts, 
and theoretically it is quite possible to derive a mathematical expression 
for the bearing capacity of a pile so driven, given the necessary physical 
constants and the driving data. Such formulas in their complete form 
are so complicated as to be impracticable for everyday use, and even 
in their modified form they have not yet come to be generally accepted, 
although they can be made to give fairly satisfactory results as com- 
pared to actual tests. A comparison of formula results with actual 
tests will be given later. 

A brief discussion of pile-driving phenomena may not be out of 
place here, preparatory to a résumé of some extensive load-bearing 
tests of steel H-piles made recently by the Bethlehem Steel Company 
on the West Coast. Experience has shown that values furnished by 
pile-driving formulas often have nothing in common with those deter- 
mined by loading tests, and may be either too small or too large, depend- 
ing on the various factors involved. The reason for this is not so much a 
defect in the formula, if it be of a rational type, as the fact that the 
forces which resist the penetration of the pile under impact are not 
those which resist the penetration under static load. It is well known 
that the bearing capacity of a pile depends upon two factors: (1) the 
point resistance, and (2) the frictional resistance acting along the sides 
of the pile. If these two resistances depended only on the character of 
the ground, then the resistance of the pile against driving and its static 
bearing capacity would be identical. However, it can be shown that 
either one of them may be very different according to whether the pile 
is forced down slowly or driven down by impact. 

For this purpose soils are classified according to two main types, 
the first consisting of ordinary sand, gravel and permeable granular 
soils, and the second of very fine grained silts, soft clays, and the like. 
The resistance of piles driven into the first class of materials (sand and 
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gravel) is practically the same while being driven as it is under a static 
load, and for this case any rational pile-driving formula, even in its 
simplified form, will give reasonably reliable results. 

On the other hand, the resistance to piles driven into the second 
class of materials (silts and soft clays) is of two kinds, — one, the dy- 
namic resistance, as to driving, consisting of a large point resistance and 
a negligible frictional resistance; the other, the static resistance after 
driving has ceased for some time, consisting of the full frictional resist- 
ance, which becomes quite large, and a small point resistance. Obvi- 
ously, no pile formula can take account of any but the dynamic resist- 
ance, hence the difficulty of obtaining reliable bearing values by means 
of a formula in this kind of soil. The most reliable means of determining 
the capacity of any pile in this kind of soil is by actual test, plotting a 
load-settlement curve, and basing the working load on some definite 
settlement or slope on this curve. 

It has been found generally that pile-driving formulas give results 
which are too low when compared with tests for piles that are driven 
in clay soils. Every engineer who has driven piles in soils of which 
clay forms any appreciable part is familiar with the sickening ease with 
which such piles may often be driven, but is surprised at their compara- 
tively great resistance to static loading, particularly after a period of 
rest. The reason is generally accepted to be the fact that during driv- 
ing water is squeezed out of the material and tends to lubricate the pile. 
After a period of rest this water is reabsorbed and the soil settles firmly 
around the pile, developing its full frictional resistance. 

Up to the present time one of the most useful means of employing 
steel H-piles has been in locations where, although rock is available, it is 
at great depth or overlaid with one or more layers of hard’ material in 
beds too thin or unstable because of the underlying softer strata to make 
good bearing mediums in themselves. Steel H-piles are well adapted to 
hard driving which would shatter other materials, thus making it 
possible to penetrate such hard strata, even of small boulders and hard- 
pan, and to reach solid rock. Where the penetration is great they 
are easily spliced and lengths of over 100 feet for such piles are not 
uncommon. 

The greatest problem in utilizing not only steel H-piles but every 
kind of pile is to increase their bearing capacity in the clays and soft 
wet soils, and various means have been proposed. Timber and concrete 
piles are at a disadvantage with steel H-piles when it comes to hard 
driving through sand and gravel soils, but they have an advantage in 
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the soft soils in that their bulk displaces and tends to compact the adja- 
cent soil and thus increase its stability and bearing qualities. Steel piles 
are easily adapted to this kind of soil, however. 

Originally short scabs consisting of pieces of steel H-sections were 
riveted or welded to the flanges of the pile, usually near the point, some- 
times higher up, and in several instances they have proved effective. 
Another means employed has been the use of horizontal plates used in 
pairs between the flanges on opposite sides of the web, and welded to 
both flanges and to the web. These are known as ‘‘core-stoppers’’ and 
may be located at various points on the embedded length of the pile. 
They are simple to apply and their use has also proved effective in some 
cases, so much so that an elaborate series of bearing tests based on their 
use was conducted recently and will be described in detail presently. 

Probably the most effective means of transforming the slender, 
streamlined H-pile into a bulky displacement pile is by means of lagging. 
This generally takes the form of pairs of timbers bolted either to the 
web or to the flanges of the H-section, or to both, for the full length of 
penetration. A steel bracket, welded or riveted to the shaft, is usually 
employed for the upper end of the lagging timbers to bear against. 
This form of lagging was employed on most of the 192 bearing piles 
furnished for the United Fruit Company’s pier for the government of 
Panama, built in 1935. Another form of lagging is the use of steel plates 
welded to the flanges and completely boxing in the H-section for any 
desired length. Piles lagged by some means, and driven deeply enough, 
can usually be made to develop the bearing value necessary to justify 
their use economically. 

It is, of course, impossible to give definite values which steel H-piles 
can carry for any and all conditions. Where they are driven to rock 


and supported by reasonably firm soil throughout their length they will 


easily develop their capacity at the maximum allowable unit stress for 
a short column, say, 15,000 pounds per square inch, or about 75 tons 
for the lightest 8-inch section, and 150 tons for the 12-inch H. The 
fact that the bearing on the rock is not uniform over the area of the pile, 
and even though the pile may have been damaged in an endeavor to 
seat it in the rock, has been shown by test not to be detrimental either 
to the pile or to the rock as regards its ability to safely carry maximum 
loads. Several tests are on record where H-piles have carried loads cor- 
responding to the elastic limit of the steel without any damage or 
appreciable settlement. 

Capacity loads as a column, fully supported or otherwise, are also 

on record for steel H-piles driven into sand and gravel soils. Hard, 
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compacted beach sand, for example, is extremely difficult to drive 
through, and sometimes jetting must be resorted to in order to get the 
required penetration for lateral stability. Such piles easily develop their 
capacity as a column, assuming that they are not one of the extremely 
heavy H-sections. For such soils, as previously mentioned, the bearing 
resistance may be safely estimated by means of a rational type of pile- 
driving formula and the use of as low a factor of safety as 2. Indicated 
safe loads of from 50 tons for an 8-inch H up to 100 tons for a 12-inch 
section are not unusual in good sand and gravel soils. 

Clays, silts and soft, wet soils are much more commonly encountered 
in foundation problems than sand and gravel, however, and it is here 
the question of a safe load is most difficult of determination. In spite 
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of the writers’ firm belief that eventually it may be possible to use a 
rational type of pile-driving formula with a factor of safety as low as 
2 or 3, it must be admitted that at the present time a loading test is the 
safest method of determining the capacity of an H-pile in such soils. 
On the other hand, most tests which have been made and reported are 
not sufficiently precise and scientific enough to determine the true 
capacity of the pile or the factor of safety of the test load with respect 
to the load which would cause yielding. As a matter of fact, there is as 
yet no definite or accepted criterion for determining the maximum or 
the yield load of a pile under test. The most generally accepted cri- 
terion is that of no continued settlement under one and one half times 
the design load and a maximum resultant settlement of not over one 
hundredth of an inch per ton of load after the load is released. 
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The New York City Building Code, which recently permitted the 
use of steel H-piles, uses this criterion for a bearing test, but with a 
maximum design load of 40 tons. When driven to rock there is allowed 
40 tons for an 8-inch H, up to 65 tons for a 14-inch section, with a maxi- 
mum unit stress of 8,500 pounds per square inch regardless of lateral 
support. 

The maximum load actually supported by a steel H-pile in a soil 
of the second class, of which the writers are aware, is in the United 
Fruit Company’s Panama pier, previously referred to. There the soil 
was a very fine, sandy, silty, clay mixture, quite soft and completely 
saturated. These piles were generally of about 14-inch H section, hav- 
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ing a penetration of 40 to 45 feet, and lagged with two or four timbers 
10 inches by 12 inches or 12 inches by 14 inches. They have been sub- 
jected to actual loads of about 65 tons, and have settled a small initial 
amount of about one half inch only, without any further settlement. 
The average load to which any kind of piles in such soil are usually sub- 
jected is not over 30 tons and often less, depending upon the seriousness 
of any possible settlement. 

As a general rule, lacking any other data or criterion, it may usu- 
ally be safely assumed that even in the softest soils which may still be 
regarded as a soil and not as a liquid mud, the safe bearing capacity 
can be estimated at 2 to 2%4 pounds per square inch of superficial pile 
area, or about 300 to 350 pounds per square foot of surface. For a 12- 
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inch H-section this amounts to about a ton per foot of penetration. 
Even if the plain pile will not develop this load, which is unusual, it can 
be made to do so by some kind of lagging. For stiffer and dryer clay 
soils the unit frictional value will increase to as much as 7 or 8 pounds 
per square inch, or 3 to 314 tons per foot for a 12-inch H. Some of this 
resistance is, of course, due to point resistance and not entirely to fric- 
tion. Pulling tests having indicated frictional values of 5 and 6 pounds 
per square inch are to be expected in ordinary clays, and higher values 
are on record. It is realized that usually the soil between the flanges 
“balls up’? and compacts to such an extent that the friction between it 
and the pile becomes greater than the cohesion of the soil itself, and this 
compacted volume of soil becomes, in effect, a part of the pile itself and 
will pull out of the ground with the pile. In the better soils it is so hard 
that it must be removed with a pick or even a pneumatic chipper. In 
spite of this phenomena it is still desirable, and perfectly permissible, to 
consider the resistance of the pile in terms of its superficial area so long 
as all test data are interpreted in this manner, as has been assumed in 
the foregoing values. 

There is not much data on the bearing capacity of steel H-piles in 
groups, but generally their greater individual capacity permits them 
to be spaced farther apart than other types, and so far as is now known 
there is not much danger of the group capacity being appreciably less 
than the sum of the individual capacities. This would not be true in the 
case of lagged piles, however, and the same limitations would apply to 
them as to any other displacement pile when driven closely together, 
say less than 3 feet. No pile can support more than it can be supported, 
and there is no magic about steel H-piles which gives them any more 
supporting power than can be derived from the soil or strata which 
supports them. The compressed core of earth formed in the channel 
grooves of an H-pile in some types of soils undoubtedly results in a large 
volume or “bulb” of material near the lower end which helps to spread 
the load laterally. Where such a condition exists the piles must be spaced 
far enough apart to avoid overlapping of these compressed areas if the 
full individual capacity of each pile is to be attained. Not muchis known 
about this subject at this time, and there is much room for study. . 

For the purpose of determining the characteristics of steel H-piles 
in clay and clay-sand soils, the Bethlehem Steel Company conducted an 
elaborate series of vertical load-bearing and pulling tests at the site of the 
San Francisco—-Oakland Bay Bridge, in August, 1935. A total of 26 piles 
were tested, all of 12-inch, wide-flanged sections that had been used as 
part of the falsework footings for one of the 504-foot truss spans in the 
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East Bay crossing. These tests are the subject of a separate and very 
detailed report which has not as yet been fully completed. 

Of the 26 piles involved, 8 had plain shafts and 18 were fitted with 
horizontal bearing plates between the flanges at various locations, already 
referred to above as core-stoppers. At that time it was believed that 
such a device might be extremely effective in increasing the bearing 
power in clay soils, and unfortunately the tests were conducted entirely 
with that object in view. Most of the bearing tests were of the acceler- 
ated loading type, the load being applied in increments of 8.6 tons at 
intervals of seven and one half minutes. A series of six sustained loading 
tests of about fourteen hours’ duration was also made as a check on 
possible continued slow settlement which would not be obvious in an 
accelerated test. Careful settlement readings were made under each load 
increment by means of Ames dials reading to one thousandth of an inch, 
and load-settlement curves plotted for comparison of the different piles 
and as a basis for obtaining the yield load. 

Previous to testing, the piles were all used as falsework footing 
piles, and as such were subjected to a maximum load of about 30 tons 
each. They were driven with a McKiernan-Terry No. 11-B-2 hammer 
at an operating speed estimated to give 19,150 foot-pounds energy per 
blow. After being used as falsework they were divided into three main 
groups, A, B and C, of eight piles each. The groups were identical as 
to the types of piles therein, the only difference being in the driving. 
Group A piles were driven down about 3 feet just previous to testing in 
order to simulate newly driven piles. Group B piles were redriven 
approximately 2 inches, or just enough to get a fair average for a test 
blow under the hammer. Group C piles were undisturbed before testing 
and were intended to represent piles which had been allowed a period of 
rest before loading. 

The soil at this site was probably typical of what is generally de- 
scribed as clay and clay-sand mixtures. Such sand as existed was very 
fine and was not of the coarse variety. Four samples of soil at varying 
depths were obtained from the piles after they were pulled, and were 
found to agree closely with the very elaborate boring data furnished 
by the Bay Bridge engineers. The top 13 feet was a surface ‘‘mud”’ of 
almost pure, very soft clay. Below this was a layer of ‘“‘clayey-sand”’ 20 
feet thick, containing about 80 per cent of very fine sand and the re- 
mainder clay and silt. Under this was an 18-foot bed of very sandy, 
silty clay, consisting of 56 per cent clay, 25 per cent silt, and 19 per cent 
sand. The moisture content varied from approximately 25 to 40 per 
cent. 
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The plain piles had a total length of penetration of about 40 feet, so 
that their points were about 7 or 8 feet into this bed of clay. The core- 
stoppered piles averaged around 34-foot penetration, so that they just 
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of clayey sand underlying the 13 feet 
boring profile is shown in Fig. 4. 

tween two others which were used as 
load, and was cut off shorter than 


about got through the 20-foot bed 
of surface mud. The approximate 

Each pile tested was located be 
anchor piles for applying the test 
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those two. The test load was applied by means of a 350-ton hydraulic 
jack, operated by a hand pump, bearing between the top of the test pile 
and two cross girders supported on the anchor piles. The pressure was 
measured by a special gauge, purchased especially for test purposes, 
reading to 100 oun per square inch and carefully calibrated at the 
factory. 

Pulling of the test piles was accomplished in a similar manner, using 
two 100-ton jacks placed on top of the cross girders and lifting a short 
equalizing beam which carried the pulling links which were pinned off 
to the top of the test pile. Each pile was pulled by applying the jack 
load in increments of 9.5 tons at four-minute intervals, and Ames dial 
readings were taken the same as in the bearing test, and pull-yield curves 
plotted. Pulling was continued until a movement of at least 114 inches 
was obtained, and usually 4 or 5 inches. 

For the six sustained loading tests a steady load of about two thirds 
of what was believed to be the yield or failure load was applied and held 
for about fourteen hours, during which time the Ames dials were read at 
regular intervals to detect any settlement. After this time the load was 
increased by the usual increments until a yield load was again reached. 

As noted previously there is as yet no definite criterion for deter- 
mining the yield load or the maximum load which a pile can safely sup- 
port. Asa matter of fact the term “yield load”’ is not in general use as 
regards pile loads, and as far as is known it was invented for these tests. 
As used here the term ‘‘ultimate load”’ refers to the final load applied 
to the pile regardless of settlement. It is not determined by any criterion 
and is therefore not very precise, but in general it is the greatest load 
which could be applied by the means used (hydraulic jacks), which was 
slow and tedious once the pile had started to really settle. In some cases 
more load might have been applied, but the load-settlement curves 
plotted show that the pile had definitely failed by settlement. 

The yield load of a pile as here used is, as the name implies, in- 
tended to correspond to the yield strength (not the yield point) of any 
elastic material, such as steel; that is, it is the maximum load which if 
released would produce only a nominal permanent settlement of the 
pile, corresponding to a very small permanent set in a tension test speci- 
men of steel, for example. For steel a very common means of deter- 
mining the yield strength is by the proportional method in which its 
value is defined as that load producing an increment of strain which 
clearly exceeds twice the increment of strain taken from the modulus 
line. In other words, the slope of the stress-strain curve at the yield 
strength is at least twice that of the straight-line portion of the curve. 
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Where a series of load-settlement readings are available, such data 
furnish an easy and yet precise method of determining the yield capacity 
for piles. 

For these tests a slope of the load-settlement curve of four and 
one half times the slope of the elastic deformation line for the steel 
alone has been used as a criterion for the yield load of the pile, using 
only half the imbedded length in figuring the elastic deformation of the 
piles. This means that the slope of this line for the yield load of the 
pile is approximately twice that for the yield strength of the steel alone. 
Since soils are far from being perfectly elastic, and since pile settlements 
involve both elastic deformation of the steel and the much larger defor- 
mation or “give” of the soil, this slope does not seem too great. It 
gives reasonable results in all cases to which the rule has so far been 
applied, and always a more conservative result than is prescribed in 
many building codes in which the maximum safe test load is defined as 
one which when released shall have produced a settlement of not more 
than one hundredth of an inch per ton of load. 

Some of the conclusions drawn from these tests will now be dis- 
cussed, which is best done with the help of tables and charts. 

Table 1 gives a summary of the pile-driving data. The soft char- 
acter of the soil is indicated by the fact that all piles penetrated the 
first 15 to 20 feet under their own weight. The average penetration per 
blow for the last foot of driving is not truly comparable between the 
plain and core-stoppered piles, since the total penetration is different; 
but in spite of this it is obvious that the difference is due to more than 
can be accounted for by the extra length of penetration or the slightly 
different character of the soil. The plain piles show a very much smaller 
penetration per blow, with one exception, Cla. The records show this 
to have been true for the entire depth and not merely the last foot of 
driving. 

Table 2 gives a summary of the test results. The minimum yield 
load for a plain pile, 1a or 1b, was 87 tons, and the maximum, 165 tons, 
in the accelerated tests. For the core-stoppered piles the yield loads 
varied from 35 tons to 104 tons, with one exception, A2d, which carried 
147 tons. The average yield load for all core-stoppered piles was about 
77 tons, and for the plain piles, 121 tons. Fora factor of safety of 1%, 
corresponding to an overload of 50 per cent, the design load would vary 
from 23 to 69 tons for the care-stoppered piles, and from 58 to 110 tons, 
with an average of 81 tons, for the plain piles. 

The average direct unit stress for an 81-ton load is only 8,600 


pounds per square inch, leaving ample margin for any bending stresses 
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TABLE 1.— Bay Brince Pitre Tests. Pme Drivinc Data 
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due to accidental eccentric loading, or it would provide for a reduction 
in stress corresponding to a column having a slenderness ratio of 140. 
For the maximum safe design load of 110 tons the unit stress would be 
11,500 pounds per square inch, and for the maximum yield load of 
165 tons, 17,300 pounds per square inch, or greater than would ordi- 
narily be allowed on even a short column. It is obviously quite possible, 
therefore, to obtain a yield load on a plain steel H-pile greater than its 
capacity as a column, and a safe design load equal to that capacity, 
without excessive penetration in ordinary sandy-clay soils. 

A graphical comparison of the yield loads is shown in Fig. 4 for the 
three groups A, B and C, also the detail and location of the core-stoppers 
and a boring profile. With one exception the superiority of the plain 
piles over the core-stoppered sections in each group is plainly shown. 
These diagrams also show that the location of the core-stoppers seems 
to have little effect, but from group C it would seem that they are more 
effective the higher up they are placed. 

A comparison of the yield capacity of the three groups of piles is 
very instructive, and shows that for both the plain and core-stoppered 
piles the average load is greatest for group B and least for group C. 
This is rather surprising and not at all what was expected. It was sup- 
posed that group C piles, which were not redriven, would test most 
favorably, and that group A piles, redriven 3 feet, would make the 
poorest showing. Group B piles, redriven only 2 inches, gave the best 
test results by a wide margin. The reason for these phenomena is not 
known, and it would be interesting to see if further tests show similar 
results. 

As to the use of core-stoppers, it is obvious from these tests that 
any attachment which breaks the continuity of the surface of the im- 
bedded length of a pile is detrimental to the load-carrying capacity of 
that pile. Such a device apparently destroys the frictional value of the 
soil against the pile, and that friction is not restored in as much as four 
weeks’ time. Even those core-stoppers located 20 feet from the tip, or 
just at the bottom of the 13-foot bed of surface mud, where they should 
have done the most good, were of practically no help. A plain pile driven 
7 to 10 feet farther into a bed of nearly pure clay was of much greater 
capacity. 

The action of these core-stoppers, and the behavior of the piles 
generally, is indicated by a study of the load-settlement curves. 
In group A piles were redriven 3 feet before testing. Pile No. 6, A2d, 
is the only core-stoppered pile which equaled or exceeded the capacity 
of a plain pile. It is believed that this pile may have struck a boulder 
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or some sort of hard spot, and it certainly is not comparable to any of 
the other piles. Pile No. 1, Ala, one of the plain piles, is likewise not 
representative and the gauges are believed to have slipped. 

Fig. 5 shows the data for group B piles which were redriven 2 inches, 
and it is a remarkably consistent set of curves. The two plain piles, 1 
and 2, show not only a greater capacity but a more gradual settlement 
under their maximum loads. The core-stoppered piles failed not only 
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at lesser loads, but more abruptly than the plain piles, and generally 
settled a greater amount under the same loads even within the yield 
capacities. The close bunching of these curves 1s quite remarkable, 
and is evidence of the care and accuracy with which the tests were 
conducted. 

The recovery curves are about a straight line and nearly parallel 
to the elastic deformation line for steel only. The permanent settlement 
of one to one and one quarter inches is, for the plain piles, well within 
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the one hundredth of an inch settlement per ton of load sometimes used 
as a criterion for a test load. For the core-stoppered piles the settlement 
is a little excessive. 

The data for group C piles, those which were not redriven before 
testing, show much more erratic results, particularly for the core- 
stoppered piles, than either of the other groups, and proportionately 
greater permanent settlements. 


Fic. 6.— Bay Broce H-PILE Tests. Time-SETTLEMENT CURVES FOR Group “C”’ PILES 


Fig. 7 shows the comparison of the accelerated and sustained load- 
ing tests for four piles, two plain and two with core-stoppers, which were 
tested both ways. The accelerated load test was made first, followed 
by a sustained load of about 70 per cent of the maximum or 80 per cent 
of the yield load first determined. In all four cases the piles held this 
sustained load with about the same settlement as in the accelerated 
test. The load was then increased to failure, and the load-settlement 
curves agreed quite closely with those of the accelerated tests, with 


STRUCTURAL STEEL BEARING PILES 99 


one exception. Pile C2d, a core-stoppered pile, failed very rapidly 
with the addition of further load after the sustained load test, indicating 
again the unreliability of the use of core-stoppers. The other core- 
stoppered pile and one of the plain piles, Cla and C2b, showed exactly 
the same yield load as in the accelerated test. The other plain pile 
Cib, showed about 85 per cent of the yield load in the sustained Ae 
Pes it did in the accelerated test, and about 92 per cent of the ultimate 
oad. 
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Another interesting sustained loading test was conducted on two 
plain piles referred to as Dia and Dib. These were not included in the 
preliminary load-bearing tests after their use as falsework piles, but were 
first pulled about 8 inches each to break them loose and destroy the 
point bearing. The load required to start pulling them was only 19 and 
28.5 tons, respectively, although their maximum resistance was 89 and 
102 tons. Their pull-yield curves (not shown here) indicate a definite 
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break at about 75 and 65 tons. The testing engineer arbitrarily chose 
loads of 43 and 39 tons with which to test them as pure friction piles, 
since it was believed they could have little other resistance. These loads 
correspond to 3.5 and 3.2 pounds per square inch friction on the actual 
perimeter of the pile. These loads were held for nearly fourteen hours. 
One of the piles showed an initial settlement of only .015 of an inch, and 
no further settlement occurred during the fourteen-hour period. The 


gosneudbees tegpenseuge { 7 
+H H + ve 
ATH anaauaiaass ae se 


eee te ta (UE trae tartt ee TE 


Fic. 8. — Bay BripGE H-PiLE Tests. PUuLL-YIELD CURVES FOR GrRouP ‘‘B”’ PILES 


other pile settled about .06 of an inch in the first hour and about .02 of 
an inch additional in the next thirteen hours. After the fourteen-hour 
period the load was gradually increased to failure, the ultimate loads 
carried being 63 and 56 tons, respectively, for which the net settlement 
was .42 of an inch and .55 of an inch, and which was still within the limit 
allowed for a ‘‘safe’’ test load by the New York Building Code. These 
tests are regarded as particularly valuable, since the resistance must 
have been due entirely to friction and cohesion in the soil. From the 
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nature of the soil there is little doubt but that an actual hole existed 
immediately under the end of the pile. So far as is known this is the only 
test of its kind which has been made. 

The results of the pulling tests for the B-piles are shown by the pull- 
yield curves in Fig. 8. The outstanding characteristic is the-fact that 
the plain piles required a very much greater load to pull them, from 
two to two and one half times, than did the core-stoppered piles. The 
maximum pulling loads varied from 81 to 133 tons for the plain piles, 
and from 32 to 68 tons for the core-stoppered piles. The corresponding 
frictional values are 4.5 to 7.1 pounds per square inch for the former, 
and 2.4 to 4.7 pounds per square inch for the latter. The lowest value 
for a core-stoppered pile amounts to 1 ton per foot, and for a plain pile, 
almost 2 tons per foot. The highest values for each were about 2 tons 
and 3 tons, respectively. These values justify the statements made 
previously as to frictional values to be expected. The real problem of 
determining safe loads on piles in such soils is really one of possible 
settlement and flow of the soil itself rather than of the frictional value 
of the pile in the soil. 

One of the most important objectives of this test program was to 
make comparisons between the test loads and those obtained by various 
pile-driving formulas. While it is generally freely admitted that even 
rational pile-driving formulas are not dependable enough to rely upon 
for establishing safe loads for steel piles, there is no other way of deter- 
mining design loads except by test. Where the latter is not possible, 
and it is not for every pile driven on a job, it is then customary to turn 
right around and use a pile-driving formula, and usually our old friend, 
the Engineering-News formula itself. Why this should be, when there 
are better formulas available, is a queer thing. It may have been good 
enough in the days of timber piles and 15-ton loads, but it has no place 
with steel piles and greater loads, as its originator would probably agree. 

First, what is a rational type of pile-driving formula? No formula 
can be considered rational which does not take account of the fact that 
steel is not a perfectly elastic material. Its coefficient of restitution or 
of the elasticity of impact, designated as m, is only .55, and not unity, 
and tests have shown that any formula which omits this coefficient gives 
values which are too large. 

A comparison of results obtained by the use of several formulas of 
the rational type is shown in Fig. 9, applied to the plain test piles only. 
The first three take account of the coefficient in the factor k. The 
fourth omits m as such but retains a k value based on the relative weight 
of ram and pile. The chart shows the bearing values by the formula as a 
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ratio of the yield load determined by test, and for the first four formulas 
the results are very gratifying. Formulas 2 and 4 gave results within 
45 per cent of the test result in all cases, and formulas 1 and 3 were nearly 
as satisfactory. Formula 5, which is of the rational type but uses k=1, 
shows how violently the values are changed, being two to three times 
too large. Formula 6 is of the Engineering—News type modified by a 
factor F in the numerator intended to take account of the type of soil 
into which the pile is driven and which must be judged largely by the 
penetration per blow. The results shown by the use of this formula are 
two and one half to nearly four times too large, but may be challenged 
by the contention that the wrong value of F was used. If we know the 
answer in advance, however, any one could guess the correct value, and 
there would be no need for a formula. The difficulties and doubts con- 
nected with its use are quite obvious. 

Reference to the chart will show that if any of the first four for- 
mulas had been used to evaluate the bearing value from the driving data 
a factor of safety of 2 would have been ample to keep the design load 
within the yield capacity. The best showing was made by Professor 
Converse’s variation of the formula, the results varying from 63 per cent 
to 130 per cent of the yield load. These are only a few of the tests to 
which formulas of this type have been applied, and the results have 
been uniformly satisfactory. In the case of clay soils, however, in which 
the bearing value of the pile tends to increase with a period of rest after 
driving, the test blows to be used in the formula must be made after 
the piles have had a chance to “set up.” Some objection has been 
made that this is not a suitable or scientific method, but the cases in 
which it has been used so far have given satisfactory results. 

The following brief summary may be made of the results of the 
foregoing tests of steel H-piles driven in clay and clay-sand soils: 

1. The yield load of the plain piles varied from 86 to 147 tons, an 
average of 121 tons. The average penetration was about 4216 feet. 

2. The use of core-stoppers on an otherwise plain pile was shown 
to be very detrimental to the capacity and general stability of that pile. 
The average yield load carried by the plain piles was 121 tons and only 
77 tons for the others, or 57 per cent greater for the plain piles. 

3. The results obtained from the fourteen-hour sustained loading 
tests compared favorably with the accelerated test results and justified 
the accelerated method of testing. 

4. The maximum frictional resistance of the plain piles, as deter- 
mined by pulling tests, varied from 4.5 to 7.1 pounds per square inch, 
averaging 6.0 pounds per square inch. For the core-stoppered piles the 


104 BOSTON SOCIETY OF CIVIL ENGINEERS 


values were 2.7 to 4.7, averaging 3.5 pounds per square inch. The 
plain piles averaged over 70 per cent better frictional value. 

5. These tests demonstrated that bearing values can be obtained 
from pile-driving data by means of a rational type of formula that will 
give results within 30 per cent of the yield load (not the maximum load) 
as determined by test. Such results used with a factor of safety of 2, 
or at the most, 214, can be expected to give an actual factor of safety 
of not less than 114 as would be used with an actual test load. 
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THE FACTOR OF SAFETY IN HIGHWAY DESIGN 


By Cwarites M. Nose * 


(Presented at a meeting of the Boston Society of Civil Engineers held on January 27, 1937) 


It is with some reluctance that I discuss the safety factors entering 

into highway design because of the lack of knowledge of many of the 
fundamentals involved, and yet it is this very ignorance which must be 
examined if we are to throw light on a rather obscure problem. The 
shadows of doubt must be dispelled, and there must be an appreciation 
of the problem before highway engineers will be on the road to safe 
design. 
By safe design, as used herein, is not meant the structural integrity 
of the pavement or other materials of construction, but that the condition 
of the highway will be safe for the vehicles which operate upon it under 
all weather and traffic conditions. 

The designer of a bridge, for example, would not dream of propor- 
tioning the members based on the ultimate strength of the materials 
used, nor would he dream of designing the structure for loads less than 
those he knew it would be called upon to support. And yet, very fre- 
quently, the highway designer is doing just that. Again it must be 
emphasized that it is not the structural design of the materials of con- 
struction that is discussed, but it is the more intangible type of design 
which merits attention, the defects of which are responsible for a large 
percentage of accidents. Traffic density and speed are the loads.  Align- 
ment, grades, super-elevation, sight distance, shoulders, signs, lighting 
and a multitude of details which add to vehicle safety are the materials. 
The fault has been of assuming loads that were too small and then stress- 
ing the materials up to and beyond their ultimate strength. In no other 
field of engineering is this done. It is axiomatic that success in engineer- 
ing design is dependent on the correct assumption of the loads to be 
carried, the proper selection of the materials of construction, and the 
determination of the correct stress to apply to these materials. It is 
the solemn duty of engineers to so design the highway that it will be safe 
from an operating standpoint. If 36,000 people were killed each year by 
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the failure of buildings, dams and bridges, the engineers who designed 
these structures would find themselves in an untenable position. But 
because of the intangible nature of the problem, the highway engineer 
has gone practically unchallenged. Yet there are indications that the 
public is awakening to the situation. It is therefore essential for the 
engineer charged with highway design to be accident conscious. Many 
defects are obvious, but there are many faults which are unknown, 
because there has not been an exhaustive scientific analysis of the basic 
causes of accidents. Some subtle fault in the highway of which the 
driver is not aware may be the originating cause of an accident. Faulty 
lighting is a simple illustration. It will be necessary to discover all the 
basic and contributing causes of accidents before the technic of safe 
highway design is perfected, and it will be necessary for the designer to 
cultivate the proper attitude of mind. The question arises as to whether 
the safety problem is attacked in the searching, scientific way that is 
followed in other engineering problems. Modern highway design started 
about twenty years ago. Since that time great progress has been made 
in the design of the materials of construction, but what accomplishments 
have really been achieved in the realm of safety? Our profession is 
reputed to be conservative, but, as applied to highways, this conserva- 
tism has been applied to the expenditure of money rather than to the 
provision of adequate factors of safety. Conventional standards have 
been adopted relating to curvature, super-elevation, maximum gradients, 
etc., but to what extent may safety be built into the highway? 

Many no doubt think that it is unnecessary to provide higher 
safety standards; that the solution lies in the control of speed and of 
the operator. It is probably safe to say that nearly all of us deprecate 
the high speeds obtaining today and feel that speeds approximating 
50 miles per hour are high enough; but the fact remains that the vast 
body of automobile owners are not of that opinion, and it is they who 
will dictate the speeds which will obtain. Within the next ten years 
the problem will relate to sustained speeds of from 80 to 100 miles per 
hour. Speed control has been seriously proposed several times during 
the past twenty years, but the movements have died because public 
sentiment has not supported the idea. Thus engineers are faced with 
speed and operating conditions over which they have no control, and 
the obvious procedure from an engineering standpoint is courageously 
to face this problem and make a sincere and intelligent effort to design 
safety into the highway. 

___ Again, many are wondering if we can afford to spend the money to 
make the highways safe. It is my belief that we cannot afford to econ- 
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omize on this element of design. Suppose for a moment that this mat- 
ter is considered from a cold-blooded economic standpoint. The first 
point to consider is the matter of obsolescence. The designers of other 
engineering works would not feel that they had much foresight if they 
were compelled to rebuild their structures every ten or fifteen years. 
Yet it is common knowledge that many of the highways located fifteen 
years ago are in.need of rebuilding because of inadequate safety and 
operating standards. This is a tremendous economic waste, not only 
because of the unnecessary added expenditure of funds, but from the 
standpoint of landowners affected, who must readjust themselves each 
time the highway is relocated. Many farms have been unduly penalized 
by being cut up into unusable or uneconomical parcels. It has been 
said that the right of way is the only permanent feature of a highway. 
If properly located for alignment and width, it should remain a fixture 
for generations. But unfortunately this has not been general. More 
often the road has been reconstructed because of obsolescence of the 
right of way, while the pavement and other structures still were capable 
of rendering efficient service. Doubtless an economist could make a 
rather sorry picture of this form of economics. That wasted effort and 
money is coming directly out of the cash drawer of highway expendi- 
tures. The second point is more intangible, but, nevertheless, just as 
real, namely, the economic loss due to deaths, hospital and doctors’ 
bills, loss of time from injuries, and damage to cars. No one has made 
any accurate appraisal of such loss. The Travelers Insurance Company 
of Hartford estimates that it amounts to between two billion and two 
and one half billion dollars each year. Other authorities * have stated 
that statistics indicate that 30 per cent of all accidents may be traced 
to some fault in road location and design. This indicated that faulty 
highway design is costing the American public from six hundred mil- 
lion to seven hundred and fifty million dollars each year. This is 60 
per cent of what has been estimated we should spend annually for new 
construction. If, then, it is economically justified to spend 60 per cent 
more for each mile of highway than would normally be spent, it is evi- 
dent that the designer has considerable latitude financially in providing 
fundamental safety in his designs. Strictly, such a large added expend- 
iture may not be justified, but if there is added to the balance sheet 
the factor of obsolescence, and the humanitarian elements are con- 
sidered, it is quite evident that we can afford to become accident con- 


scious. 
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In defence of highway locators and designers of fifteen years ago, 
let it be remembered that they were literally pioneering in a new form 
of transportation. A speed of 35 miles per hour was considered a very 
fair driving speed. No one really dreamed of a stock car of moderate 
price that could travel with ease hour after hour at 75 or 80 miles per 
hour. The problem of that day was to get the main road system out 
of the mud. The demand was for a large mileage of cheap roads so 
that the motorist might have some use for the car after it was bought. 
A road system was needed and needed quickly in order that the motor 
industry might develop. At that time the revenues derived from the 
motorist were comparatively modest, and the taxpayers expected a 
road dollar to go a long way geographically. The user did not worry 
about sharp curves, short choppy grades, narrow width or other de- 
fects. He was content to be out of the mud. Under such circumstances 
it is only natural that most of those roads have been or shortly will be 
reconstructed to higher standards; yet, in spite of this, it is fitting to 
salute the men who accomplished the mammoth task of pulling America 
out of the mud. 

Today the picture is very different from that of 1920. The pioneer- 
ing period has definitely closed, and the highway and motor industries 
are entering upon an era of early maturity. The design of the motor 
car has been improved to a state of excellence undreamed of in that 
day. This rapid advance in design is one of our modern miracles, and 
high tribute is due the genius of automotive engineers and manufac- 
turers. At the same time, the highway industry is no longer a poor 
cousin. It is one of the great leaders of industry. The sums spent for 
highway improvement are being largely contributed by the user in- 
stead of being taken from the property owner’s pocket. That these 
sums are considerable, and that highway development has passed 
from the pioneering stage, is strikingly illustrated by figures compiled 


by the American Automobile Manufacturers Association and the Petro- 
leum Institute. 


In 1920 the vehicle registration was 9,232,000; in 1935, 26,221,000, or three times 
greater. 


In 1920 the gasoline consumption was 4,200,000,000 gallons; in 1935 it was 
17,160,000,000 gallons, or four times greater. 


In 1920 the revenue derived from automobile license fees, gasoline and oil taxes 
was $103,910,000; in 1935 it was $958,753,000, or nine times greater. 


In addition, the manufacturers’ and personal property tax~was 
$350,000,000. 
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The appalling 1935 death record of 36,000 lives and 895,000 injured 
further indicates that highway accidents also have reached a gruesome 
maturity. 

Thus it can be seen that engineers may well pause and take sober 
thought as to the lines upon which the highway should develop. 

The thought which now presents itself is, in what way should 
design be improved in order to provide real basic safety. As stated 
earlier many factors are unknown which fundamentally are the cause 
of accidents. Some of these are quite subtle; research, observation 
and analysis will be required to throw the light of definite knowledge 
upon the dark places of our ignorance. 

But there is one factor which is a key to many of these problems, 
namely, time. Human reaction has a definite time limit. It takes just as 
long today to react to overcome an error in driving judgment or to adjust 
one’s self to a road hazard as it did in 1920. But in 1920 we would 
probably have been driving 30 miles per hour, while today one may 
be driving 70 miles per hour. Then a distance of 44 feet per second 
was covered, but today 102 feet per second; yet unfortunately our 
reaction time to danger has remained constant. This, then, imposes 
on the designer the task of lengthening out the perspective ahead of 
the driver, and above all, to impose no sudden change in driving con- 
ditions. In order to keep this element of time, this fourth dimension, 
if you please, ever present in our thinking, particular attention should 
be given to velocities in feet per second for different rates of speed, and 
constant use made of these data as a measuring stick in solving safety 
design problems. 

Another factor which has become quite evident is the extreme danger 
of high speed traffic traveling in opposite directions with no space be- 
tween. This presents a serious problem where present traffic does not 
require more than two lanes. The only apparent method of providing 
improved safety for such a condition is to use extra width lanes, wide, 
smooth shoulders, and sight distances greater than 2,000 feet in order 
that passing may not be unduly hazardous. For the condition where four 
lanes are required the solution is simple, — divided roadways. This type 
of construction is receiving increased attention, but there is some differ- 
ence of opinion as to the details of design. 

Consider some of the details of design which must receive attention 
because of the time factor. It would appear desirable to design on the 
basis of a constant speed. That is to say, after a careful consideration of 
all the factors of use, type of road, future development and topography, 
a design speed is selected. When this is done one of the unknown ele- 
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ments has been eliminated, and it is then possible to proceed in a logical 
way to work out details so that all the elements are arranged uniformly, 
consistently and logically to conform to that speed. The motorist should 
not be subjected to the danger of suddenly encountering a set of condi- 
tions requiring a much lower speed than required for other portions of 
the road. Such sudden changes in speed requirements are a prolific 
source of accident. If it becomes necessary to change the speed require- 
ments, such changes should be done gradually in order to give the motor- 
ist time to sense the change in driving conditions. In considering the 
setting up of design speeds it is manifestly absurd to set up the same 
speed for a farm road as for a main line trunk highway, and it is this 
determination which requires the utmost in judgment, experience and 
foresight. Upon such determination will depend the location and width 
of the right of way. With a known speed it is possible to think in terms 
of time. The car travels so many feet per second and requires so many 
feet to be brought to a stop. A logical set of standards can be set up for 
sight distance along the road and at intersections, curvature, width of 
pavement and shoulders, spacing and arrangement of direction and warn- 
ing signs, length of profile tangents and vertical curves, adequate warning 
of unusual conditions, all to conform to the design speed. 

Yet, setting up such standards is not quite so simple as would appear 
at first thought. Unfortunately, there are differences of opinion relative 
to a number of fundamental questions. A casual glance at some of these 
details may be of interest. 

Most designers admit that adequate sight distance is important, 
but just what constitutes adequate sight distance is not so clear. For a 
two-lane road passing requirements will control. It is possible to com- 
pute the distance consumed in passing if the speeds of the passing car, 
the car being passed, and an approaching car are known; and it is also 
possible to assume certain speed combinations which indicate that a sight 
distance of thousands of feet is required. Thus it is evident that more 
knowledge is essential before a proper standard can be set up. In the 
case of divided roadways some sort of measure of sight distance can be 
arrived at by considering the distance required to bring a vehicle to a 
stop. 

Fig. 1 shows the distance required to bring a vehicle to a stop 
after the brakes are applied, based on a deceleration factor of 17.4 feet 
per second per second. A greater distance is required on a descending 
grade, less on an ascending grade. To the distance taken from the dia- 
gram must be added the distance traveled during the lag period. The 
lag period is made up of two reaction times, — first, the interval required 
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for the driver to realize the necessity for stopping; second, the time re- 
quired to apply the brakes. The lag period may vary from three quarters 
to one and one half seconds. For convenience the distances in feet per 
second are shown in this part of the diagram. It is not recommended 
that this particular diagram be used to determine sight distance, because 
it is based on the braking power of the car, such braking power often 
being greater than the actual coefficient of friction between tires and 
road surface. A deceleration factor of 17.4 requires a friction coefficient 
greater than 0.5. Wet surfaces may have less than this, and icy surfaces 
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Fic. 1. — DISTANCE REQUIRED TO STOP A PASSENGER CAR EQUIPPED 
WITH FOUR-WHEEL BRAKES 


usually have a coefficient only slightly above 0.1. This figure is shown 
for illustrative purposes only. 

At intersections the sight distance required will depend on the 
speed of approaching vehicles and the time required by drivers to adjust 
themselves to conditions. Here, too, there is no definite knowledge, 
but it would seem reasonable to use nearly the same amount required 
as for the previous condition. 

The minimum radii of curves appear to be related to the maximum 
super-elevation permitted and the speed. The radius is obtained by 
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to determine the minimum radius based on the design speed and the 
maximum banking permissible. This is a somewhat more logical ap- 
proach than the arbitrary methods of the past. Such determination is 
facilitated by the use of a diagram. 
Fig. 2 shows the relation of speed to super-elevation to radius for 
067 v 
R~ 
tion of the factor f, which is the permissible (side) friction coefficient 
between tires and road surface. As yet there is no definite agreement 
as to the proper value to use, but climatic conditions divide the prob- 


the portion of the formula E= This makes necessary considera- 
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Fic. 2.— THEORETICAL SUPER-ELEVATION FOR CURVED ROADWAYS 


lem into two parts. In regions subjected to ice and snow the low co- 
efficient of tires on ice will govern within a moderate speed range. In 
warm climates the effect of centrifugal force on driver and passengers. 
will govern. These relationships can be expressed in terms of f. Pro- 
fessor Moyer of Iowa State College has done some excellent work in 
investigating skid characteristics of automobiles. He found that skid- 
ding on ice will occur at friction values ranging from 0.05 to 0.13. Thus 
for moderate speeds it would appear wise to limit f to 0.03 in regions 
subject to ice and snow in order to allow some factor of safety. As yet 
the top speed that a car can be operated under control on tangents on 
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ice has not been determined. It is, of course, unnecessary to bank 
curves based on icy conditions for speeds above that at which a car 
can be operated on ice on a tangent. Professor Moyer also found that 
when the side friction reached 0.20 the maximum speed had been attained 
for comfort of passengers and ‘‘balance”’ of the driver. It has been my 
experience that a certain amount of skill, not possessed by most drivers, 
is required to drive around a curve at a speed at which a coefficient of 
0.20 is developed, and that a value of 0.10 is more likely to suit the 
majority of drivers. After a value of f is selected it is only necessary to 
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Fic. 3. — RELATION BETWEEN SPEED AND RADIUS OF CURVATURE 


add that value to the maximum permissible super- -elevation, and the 


relation of speed to radius can be taken from the diagram. 

For convenience, a series of diagrams, each for a different rate of 
banking, can be produced showing the speed-radius relation for certain 
coefficients of friction. Fig. 3 shows such a diagram, with friction values 
of 0.20, 0.10, 0.03 and 0.0 for a bank of 8 per cent, or slightly less than 
1 inch per foot. There will be noted for this rate of banking the speeds 
which fall below the curve of zero friction. Operating at speed- radii 
below the curve is uncomfortable and possibly dangerous, and for this 
reason it is desirable that the maximum bank be limited to approxi- 
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mately 5 per cent (about one half inch per foot), and the radii corre- 


spondingly increased. This recommendation applies only to the cases 


where it is possible to increase the radii. 

Before leaving the matter of curves and super-elevation it may be 
well to touch on transition spirals. Many engineers are prejudiced 
against their use, but there appears reason to believe that their use is 
essential where high-speed traffic is concerned. The reasons are quite 
clear when the rate of change of centrifugal acceleration from tangent 
to curve is investigated. The use of spirals also simplifies the problems 
connected with banking run-out. 

It has been stated in structural circles that close attention to 
details is the secret of success in structural design. This is even more 
true in highway design, but as yet this fact has not been sufficiently 
appreciated as related to safety. Since recognition of accident hazards 
is largely brought about by a proper attitude of mind, and through cer- 
tain processes of thought, it may prove of interest to note some of the 
lines of reasoning used in solving certain of the highway problems en- 
countered in the design of the Midtown Hudson Tunnel which the 
Port of New York Authority is building at 39th Street, New York. 

The general plan of the tunnel project is shown in Fig. 4. 

The general conditions at the portion of the New Jersey plaza 
from the tunnel portals to the toll collection area are shown by Fig. 5, 
which is a photograph of a model of this entrance. The floodlights are 
located on towers which illuminate the entire area. 

An idea of the scale of this plaza may be obtained by noting that 
the retaining wall is 65 feet high. 

Fig. 6 shows the general outline of the New Jersey plaza. The 
size and shape of the plaza leading to and from the tunnels, and the 
gradual tapering at the portal end, are evident. 

A low or depressed type of curb extends nearly to the portal. The 
space in the plaza is provided in order that caravans of trucks may 
accumulate. Careful thought was given to the danger of vehicles col- 
liding with the portal face at the entering portal. On one side a full 
height curb was extended out from the face. On the other side a smooth, 
sloping surface of granite 2 feet 6 inches high was placed. If struck, 
there will be a tendency to slide along the face, with small damage to 
the vehicle. This device would not prove a safe solution where high 
speed is possible. 

There were several problems at the portal which required atten- 
tion. During initial operation traffic will operate in both directions, 
and thus the portal will be a location of greater hazard than elsewhere. 


>" oe 


FACTOR OF SAFETY IN HIGHWAY DESIGN 117 


The change from artificial light to bright sun will cause impaired 
vision, and at the same time entering drivers will have to adjust them- 
selves to the curve in the tunnel. To overcome the latter hazard the 
same radius of curve was carried out into the open plaza for such dis- 
tance that entering drivers would become adjusted to the curve before 
the change in light. Near and at the portal the tunnel headroom was 
increased gradually in order that the light change will occur more slowly. 
The tunnel type of pavement was also carried out into the plaza some 
distance, to prevent the pavement change from distracting drivers. 


TRAY 


PERO cy 


Fic. 6. — Mopet or New JERSEY APPROACH, Miptown Hupson TUNNEL 


The banking at the portal was designed in such a manner as to tend 
to keep vehicles moving in opposite directions apart without volition 
of drivers. This was accomplished by providing different rates of bank- 
ing for each lane. In the design, care had to be exercised not to reduce 
the rate of banking to too low a figure in the out-bound lane, because 
‘many times a vehicle will emerge from a dry non-skid tunnel on to ice, 
and it was essential that the lane be tilted up sufficiently to prevent 
side skid on ice. Fortunately, a rather close supervision of speed will 
be maintained in the tunnel. In all cases it has been felt that the be- 
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ginning and ending of a curve constitute the most dangerous parts, 
and such differential lane banking has been generally employed in an 
effort to keep the vehicles apart. The concrete pavement slab lines 
have been arranged to act as traffic lines so far as possible. 

The distribution system of the approaches is shown in Fig. 6. 
The west ramp is off-bound, it passes under the street and emerges on 
the far side. The east ramp is an entrance ramp. The in-bound and 
out-bound roadways are the two main roadways, or what is known as 
the lower loop. They pass over the entrance ramp, over the new county 
boulevard, and out over a railroad yard. It may be noted that the 
roadways are stepped vertically in relation to each other. This was 
done as an expedient to obtain the necessary under-clearance for the 
ramp, and to ease the gradient of the inner roadway. Returning to 
the ‘‘off,” or west, ramp it will be noted there is particular danger to 
drivers colliding with the end of the portal during periods when visi- 
bility is poor. Consequently the skew and the portal span were in- 
creased in order to locate the buttress at least 50 feet back from the 
‘“‘nose.’”’ This was done in spite of structural difficulties, which con- 
sisted of heavy dead and live loads and appreciable distortions due to 
temperature stresses. In order to further safeguard the public, a low 
mushroom light is placed just back of the ‘‘nose,’’ and the face of the 
buttress will be flooded with light from one of the floodlights. 

The approach to the banked sections of the main off-and-on bound 
roadways was given considerable study. It was necessary to provide 
ideal operating conditions while at the same time creating a pleasing 
appearance along all curb and wall lines. Particular attention is being 
given to producing a pleasing appearance in alignment and grades 
throughout the entire project. All curb ‘‘noses” opposed to traffic 
are rounded down to a height of 3 inches above the pavement. 

The main approach roadways are laid out in a loop. The structure 
is elevated, the spans are quite long to clear railway tracks. The shaft 
to the Pennsylvania Railroad tunnels is adjacent to the railroad yard 
tracks. From a highway standpoint the conditions are critical. The 
loop, with a center line radius of 298 feet, occurs at the end of 1,100 
feet of tangent on a 4 per cent descending gradient. Instead of using 
a tangent, however, a curve of 5,200-foot radius, 1,100 feet long, was 
inserted in the hope that the curvature, although slight, would tend to 
prevent drivers from descending at excessive speed. In order to soften 
the shock of entering the sharp curve some sort of spiral or transition 
was thought imperative. A quick search failed to reveal a true spiral 
which would permit an accurate determination of concentric curves and 
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radial lines for the purpose of shop fabrication of steel, curbs, railings, 
etc., and therefore a series of compound curves totaling 225 feet in 
length, which simulated a true spiral, were employed. The curves 
compound from 5,200 feet to 4,000 feet, from 4,000 feet to 1,700 feet, 
from 1,700 feet to 500 feet, and lastly from 500 feet to 298 feet. This, 
it is realized, is a rather crude proceeding, but it is believed that opera- 
tion will be satisfactory. Each roadway widens from 324% feet to 36 
feet, thus making it necessary to compute a separate set of compound 
curves for each marker line, as well as for the curbs and rails, in order 
that the lanes would widen uniformly and continuously. A great deal of 
care was taken in designing the banking run-out. Speed radius studies 
were made at 10-foot intervals for each lane, accurate profiles were drawn 
for the curb lines and for each lane marker line along the computed 
compound curves. After a number of trials the proper banking re- 
quired for smooth operation was made compatible with good appear- 
ance. The total run-out length is 380 feet. It has been my observation 
that banking should start such a distance in advance of the curve that 
gravity will have sufficient time to act on the front wheels so that the 
car will tend to steer itself. A great deal of time is consumed in such 
detailed design, but it is believed to be worth while when it is remem- 
bered that approximately eight million cars will operate over this part. 
of the approach each year for generations. 

A common problem encountered in urban grade separations is the 
design of exit ramps. The problem often is complicated by having 
the exit on the outside of a curve, which introduces the hazard of locat- 
ing the ramp ‘‘nose’’ directly in the path of cars traveling the main 
roadway. The solution most designers are tempted to use is to cut 
back and open up the entrance to the ramp with long radius curves, 
with the thought of reducing congestion at the ramp head. Such a 
procedure would make the ‘“‘nose” of the ramp a hazard during adverse 
weather conditions. During fog and snow many drivers use the edge 
of the road as a guide, and in this case they would be lured into a posi- 
tion with the ramp ‘‘nose’’ directly ahead. If the motorist did not sense 
that the roadway curved he would be inclined to proceed straight ahead, 
possibly colliding with the wall back of the ‘‘nose.” It is advisable to 
s far along the curve as possible before 
reversing for the ramp. In one instance the curb ahead was set over or 
widened out 8 feet and the end of the wall set as far back as possible 
from the ‘‘nose’’ as well as widened. 

At the present time much attention 
roadways for intercity congested routes. 


is being given divided or dual . 
This is adecided step in the right 
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direction, but unfortunately many of these designs contain details which 
are elements of danger, as, for example, light standards and public utility 
poles set near the pavement, poorly designed lighting, blind intersections, 
and the like. The general use of curbs constitutes a hazard and a prolific 
source of accident, but there are many who maintain they are safety 
devices. Originally curbing was used for three purposes, — to protect 
pedestrians, to form drainage channels, and to serve as a first line of 
warning and defence on bridges or high embankments. Today the curb 
is being employed to guide traffic and to prevent it from entering for- 
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Fic. 7. — EXAMPLE oF DrvipED ROADWAY WITH WIDE CENTER 
RESERVATION 


bidden territory. The problem is divided into two divisions, — urban 
and open country locations. 

Fig. 7 shows a dual highway in Delaware through open country. 
The width between roadways is 50 feet. Note the absence of curbs and 
the wide, smooth shoulders. It is surprising the feeling of safety one has 
in driving over this highway. If an accident occurs directly ahead, or a 
car suddenly appears from the side, it is possible to dodge out on to the 
shoulder at high speed, or if the car goes into a skid it is possible to right 
the car and get back on to the pavement without striking some obstruc- 
tion. Curiously enough, drivers keep to the right without supervision, 
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and passing is no problem. The motorist realizes he is in no danger of 
being ‘‘squeezed,’’ because it is always possible to swerve out on to the 
shoulder. Had curves been used the road would actually be less safe. 
The use of posts at the crossover is unfortunate, and is evidently an 
invention of the maintenance department. 

Fig. 8 shows a treatment along the same highway through a town. 
The conditions here are somewhat different. Along the sides adjacent 
to the sidewalks, curbs are required for drainage and protection to pe- 
destrians, but extra width must be provided to care for parking and to 
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Fic. 8. — EXAMPLE oF DiviDED ROADWAY WITH MeEpium CuRB 


create a feeling of freedom. In the center the condition is much different. 
The purpose of the curb is to separate opposite direction traffic and pre- 
vent impatient motorists from using the space as a means of passing. 
There is a great difference of opinion as to the proper detailed design. 


_ This type has a corner beveled off at 45 degrees, but in spite of the bevel 


it is too high to be mounted in case of emergency. It is to be noted that 
the posted speed through the town is 25 miles per hour and speeds in 
excess of 35 or 40 miles per hour are very rare. 

Fig. 9 shows another type of separation curb more easily mounted 
than that shown in the previous figure; still, it is somewhat severe and 
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may, if mounted at high speed, result in loss of control of the vehicle. 
These curbs were constructed with the use of white cement. Three weeks 
after being opened to traffic there was barely a section more than 50 feet 
long which did not show wheel marks where the curb had been mounted 
because vehicles had been ‘‘squeezed’’ or crowded. If the vehicles had 
not been able to dodge sideways a foot or so a sideswipe accident would 
have resulted. This section of highway carries an average daily traffic of 
35,000. Traffic lights are so spaced that it is difficult to travel in excess 
of 35 miles per hour. At this speed the curbs can be mounted; but it is 
possible that at a speed of 50 to 60 miles per hour, mounting such curbs 
may prove more dangerous than a sideswipe accident. It is reported, 
also, that the earth grass plot is unsuitable because of softening during 
wet weather, such soft condition causing cars to overturn. 


Fic. 9. — ExAmpLeE oF Mrepium CENTER STRIP WITH Low CuRB 


An extreme form of separation curb design was found where the 
curb is 1 inch above the gutter and rises another 1 inch in a width of 
12 inches. It is readily mounted at high speed, and it is quite possible 
that it may offer so little obstruction to mounting that drivers will 
run over it at will rather than use it only in an emergency. The reflec- 
tor and sign have been destroyed many times during the past six years. 

The New Jersey highway department is experimenting with a 
large variety of separation curb designs, and it is possible that definite 
recommended designs to suit the various different conditions will re- 
sult from this experimentation. It would appear axiomatic that the 


separation space is no place for lighting standards, trees or any other 
form of obstruction. 
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This digression into a consideration of a few of the details which 
in the past have been considered as of no particular concern illustrates 
how some of these small matters may actually be the cause of accidents. 
Often the safer construction is less expensive than previously used 
designs. It should be constantly kept in mind that an automobile does 
not run on fixed rails and is thus not forcibly confined to its proper track. 
Therefore it is imperative that as much lateral ‘‘elbow”’ room, free from 
all obstructions, be provided to care for those emergencies occasioned 
by temporary loss of control or by crowding by other vehicles. On 
sober thought it is really remarkable that there are not more accidents 
when it is considered that every day twenty-six million separate indi- 
viduals of various physical and mental capacities venture forth in a 
machine capable of terrific destructive force on to a highway system 
which is, in many ways, imperfect. If one be in a critical frame of 
mind and make a mental note of each detail which may prove a hazard 
to motor operation in darkness, fog, rain, snow and ice, he will be 
amazed at discovering the number of small things which are capable 
of producing accidents. A utility pole set near the edge of the street or 
highway is capable of wiping out an entire family. 

The statement is made, with some truth, that the safest road is 
one which is a succession of sharp curves. On such a road high speed 
is physically out of the question if the curves are sharp enough. 
Because of the lower speed, accidents would not be so serious. The 
maximum in safety might be accomplished when a road is so bad or 
so congested that vehicles cannot operate faster than 15 miles per 
hour. Under such conditions accidents would be numerous, but few 
of them would be serious. But if we, as engineers, designed such roads 
our services would be dispensed with quite promptly. The public in- 
sists on expeditious road service. The public wishes to get to its des- 
tination promptly. It will not tolerate tortuous alignment or undue 
congestion which forces a slow rate of speed. In some localities vast 
sums have already been spent to give the public the type of service it 
demands, and yet, in spite of the large expenditure, many of the designs 
are imperfect. Many unnecessary hazards are being designed into 
projects which should be the last word in the highway engineer's art. 
This is not intended as a reflection on the designers, but only to show 
that our thinking has not been brought up to date. We are not yet 
thoroughly safety conscious. 

Fig. 10 shows a highway which cost $4,850,000 per mile without 
right of way cost. It is over four miles long, carries a daily traffic of 
42,000 vehicles, and no trucks are permitted. Note the light stand- 
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ards in the middle. Exit and entrance ramps are in the center. I un- 
derstand the designers now regret this feature. The highway is posted 
for 35 miles per hour; yet in several places, due to sudden sharp curves 
and center ramps, it is posted for 20 miles per hour. The project was 
constructed in short sections, the first being opened nine years ago, the 
final is now being completed, while at the same time an extension is 
being started. 

On another highway, about three and one half miles long, the cost 
was $19,500,000, including a right of way cost of $1,500,000. The 
average cost is $5,640,000 per mile. It was completed four years ago. 
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Fic. 10.— ViapucT wiTH CENTER DivipING STRIP; ALSO 
CENTER ENTRANCE RAMP (IN DISTANCE) 


The accident record was so serious during the first year of operation 
that trucks were excluded from it. There is no separation between 
opposing lines of traffic, and there are center ramps. It is said that the 
designers saved a few tons of steel by the use of single center ramps 
instead of two side ramps. 

In regard to these ramps, it has been learned that until quite re- 
cently the lighting effect at night was such that it was almost impos- 
sible to see the ramp head until quite near. A light was placed here 
which was of such a nature that the head was in shadow. This struc- 
ture is a part of a trunk highway fifty-three miles long which carries an 
average daily traffic of 35,000 vehicles. Nearly all of it is at grade and 
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consists of from four to six lanes without separation. The total project 
of fifty-three miles cost $59,000,000, including right of way. Within 
a year after its opening the public christened it ‘‘Death Highway.” 
Six and seven car accidents were common. Yet this highway was 
designed by one of the most alert and competent highway organiza- 
tions in the country, and was considered an outstanding example of 
modern highway design. During the past year a large portion has 
’ been made over into a divided way by jacking one slab over, construct- 
ing an additional lane, and installing separation islands with sloping 
curbs. This work is costing approximately $65,000 per mile. 

In conclusion, I wish to emphasize that it has been my desire to 
present an idea for consideration, — the idea of safety consciousness, — 
rather than to advance definite recommendations. Highway designers 
must do all in their power to safeguard the public. Many times hazards 
are designed into a highway structure simply because the designer was 
intent on solving mathematical or structural problems, and therefore 
remained blind to the essential problem of providing a satisfactory 
structure based on its use by the public. Often it is no more expensive 
to design safely, but there are many times when safe design requires 
courage and conviction on the part of the designer. The highway 
should be considered as a unit and uniform standards applied, whether 
it be a tunnel or a bridge or it lies through the open countryside. As 
previously stated, it is manifestly absurd to construct all classes of roads 
to the same speed standards, and for this reason a searching highway 
transport analysis is required in order that the system can be properly 
classified, based on long-range planning. Fortunately, this phase is 
receiving recognition, and consequently designers should be ready with 
well-substantiated data in order that each class of highway may be 
designed for basic safety. But an awakened recognition of the prob- 
lem is necessary. American engineering genius will solve the problem 
once the problem is thoroughly understood. It should, however, be 
remembered that in the past the error has been in setting the standards 
too low. We have purchased too cheap an article for real economy. 
There is real danger of a repetition of that error. It is quite possible 
that certain intercity trunk routes across the United States should be 
designed for a speed of 100 miles per hour. As citizens we should take 
the lead in establishing speed and driver control, but as designers we 
should face our particular problems with vision and courage. 

Grateful acknowledgment is made to The Port of New ‘York 
Authority and The Portland Cement Association for the preparation of 
slides, and to Messrs. E. B. Shrope and C. George Krueger of The Port 
of New York Authority staff for preparation of diagrams. 
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Discussion by Charles B. Breed,* Member, and Alexander 
J. Bone,+ Member 


General Discussion 


Without question more attention must be given to safety factors in 
highway design than in the past, on account of prevailing high speeds. 
There is some question, however, whether the building of speedways 
for 80 to 100 miles per hour will solve the problem. Accident studies, 
including those conducted by the Massachusetts Highway Accident Sur- 
vey, have shown that speed is the one outstanding contribution to acci- 
dents. Likewise, accident experience has shown that a large proportion 
of fatal accidents occur on straight, unobstructed roads where the high- 
way is no factor. An increase in speed on straight, unobstructed high- 
ways will obviously result in more serious accidents. Roads for 80 miles 
per hour will encourage higher speeds than now prevail, and will result 
in more rather than less fatalities. Human frailty is the primary cause 
of most accidents; an instant’s relaxation or distraction on the part of 
any driver under certain circumstances results in an accident — the 
faster the speed the more intent and unfailing must be the driver’s 
skill and attention. Records also show that the vast majority of acci- 
dents occur to operators not previously involved in serious accident, 
indicating that judgment plays an important réle. No doubt these 
drivers considered themselves safe drivers, but certain conditions arose 
which they were unable to meet and an accident resulted. 

The ability of an individual to respond to an emergency is limited. 
Some people are faster observers and thinkers than others; some are 
more accurate observers and have better judgment than others. For 
every one there is a definite lag between perception and action. This 
lag, or reaction time, as it has been called, is of vital importance in 
driving a motor vehicle at high speed. It frequently determines the 
difference between a near accident and a fatal accident, escape or in- 
jury, life or death. Under actual driving conditions the reaction time 
is about one second (some people have shorter times, some longer). 
At 40 miles per hour a car will travel 57 feet in a second; at 60 miles 
per hour, it will travel 86 feet; at 80 miles per hour, 114 feet; at 100 
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miles per hour, 143 feet. At the higher speeds death will frequently 
overcome the victim before he can make a move to save himself. The 
energy to be dissipated when two vehicles strike, or when a vehicle 
strikes a fixed object, increases as the square of the speed. As the 
speed is increased, the likelihood of escape from death or injury in an 
accident is therefore greatly reduced. 

The highway engineer can do much to reduce the chance of acci- 
dent by making existing highways fool-proof and by building future 
highways with a greater vision of their use. With this we are in full 
accord. The highway engineer cannot control the behavior of the driver, 
but he may make conditions more favorable for him in case he errs. 

The immediate problem is critically to examine existing highways 
and correct those conditions which are unsafe. In other words, the 
hazards should be eliminated from existing highways so that they will 
be safe for reasonable speeds of 40 to 50 miles per hour. If a high- 
way is, in the main, safe for 45 miles per hour but has a few curves that 
are only safe for 25 miles per hour, these should be flattened or super- 
elevated, as the case may be. If sight distances are, in general, 500 feet 
on a highway, but at two or three places they are only 100 feet, these 
should be lengthened, and so on. The standard of a given highway 
should be maintained continuously from terminus to terminus, so that 
the driver will not come suddenly upon conditions requiring abrupt 
speed reduction and special driving effort unless he has adequate warn- 
ings to allow for a gradual reduction in speed. 

The standards should apply uniformly day and night. All roads 
will not have the same “‘safe’”’ speed; some will be 50 mile per hour 
roads, some 40 mile per hour, some 30 mile per hour (as in mountainous 
country). The speed should be posted, be reasonable, and be enforced. 
The present system of speed posting, where the signs read all the way 
from 20 to 45 miles per hour within a distance of half a mile, is one condi- 
tion which should be corrected. 

A standardization program of this kind is practical and clearly war- 
ranted. A considerable mileage could be standardized for the cost of one 
mile of a new 100 mile per hour road. Likewise, there are many streets 
in cities where as high an average speed as 10 miles pet hour is impossible 
due to congestion. These should be given immediate attention. As 
motor vehicle use increases, congestion in cities will become more and 
more acute. Most of our state highways are crowded only a few days 
out of the year (summer Sundays and holidays), but the city streets 
teem with congestion 300 days a year. Here is where much of the gas 
tax is earned, but where very little of the gas tax money has been spent. 
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More money should now be spent for relief of traffic congestion in these 
metropolitan areas. 

We do not believe that the ‘‘vast body of motor vehicle owners” 
want to drive 100 miles per hour. Perhaps we do not accurately sense 
the times. If they do want to travel at such speeds, they should not be 
allowed to do so for their own good. The sanitary engineer does not 
permit the public to drink polluted water, even though they are willing 
to take the chance. By the same token the highway engineer should not 
encourage the driving public to travel at 80 to 100 miles per hour when 
he is fully aware that technical knowledge, records of accidents and men- 
tal reaction measurements combined indicate clearly that sooner or later 
such speeds are suicidal for a fair proportion of the drivers who are reck- 
less enough to travel at such speeds, as well as murderous to the innocent 
public who are willing to’drive at not over 40 to 50 miles per hour. The 
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Improvised traffic circle of small radius with high vertical 
curb, The curb bears the mark of many a collision. Note the 
white line which appears to guide traffic directly to the obstacle. 


highway engineer has a duty to society to protect it against its own 
ignorance. Few of the general public have any clear conception of the 
risks they run when operating at a speed of 60 to 80 miles an hour. Is 


it not our first duty to apprize the public of the facts we know to be 


true, and to prevent them, as far as possible, from attempting to drive 
trackless vehicles at the speed of the fastest railroad trains? 

The highway engineer cannot be blamed too much for designing 
roads, built fifteen years ago, that are now obsolete. He could not foretell 


what the developments in vehicles would be, nor could the vehicle: 


builder have predicted the improvements that have come in the last 


fifteen years. The highway engineer can, however, be criticized for 
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allowing the danger spots to persist in the face of accident records — 
this has too often been done; and he should not be exonerated for design- 
ing modern highways which have immediately developed high accident 
records. 

Makeshift traffic control devices often create a hazard worse than 
that which they are intended to correct. Fig. 1 shows an improvised 
rotary island which is too small to function as a traffic circle and merely 
invites accidents. -The substantial concrete curb is covered with marks 
from cars that have collided with it. 

Many of the safety devices designed into our highways recently 
have developed accident records that were not expected. These acci- 
dents, as a rule, are the result of drivers becoming confused and doing 
things they were not supposed to do. For example, trouble has de- 
veloped at the entrance to ramps at grade separations, where a right 
turn is made in order ultimately to go left on the upper or lower cross 
street. The curves on these ramps are usually sharp and the entrance 
to them very abrupt. Rear end collisions have occurred when drivers 
have slowed down suddenly, trying to safely make the turn or read the 
signs. This difficulty may be solved by providing extra width in ad- 
vance of these ramps so that drivers may slow down and make the 
turn from a lane outside (to right of) those provided for fast traffic. 
Another bad place is where traffic enters fast moving lanes from a ramp. 
Here, again, extra width should be provided so that cars can enter ina 
lane outside the fast lanes, accelerate, and then join with the fast main 
stream of traffic, at which point the normal width will be resumed. The 
present system is to install stop signs and pounce on all offenders. The 
Route 20-9 grade separation in Northborough, Massachusetts, is an 
example of an expensive layout which does not function well as a traffic 
control or safety device except by regulation and police enforcement. 
Fig. 2 shows a collision diagram for this grade separation. Note that 
nearly every accident has resulted from a wrong move on the part of 
some driver, and also observe the tendency of drivers to swing wide to the 
left before turning right into a ramp, with resulting collision with another 
vehicle passing straight through on their right. Why do they do this? 
Do they come on the ramp without warning, or is the radius of the ramp 
too sharp? Speed and confusion appear to be the principal factors in 
these accidents. 

Part of the confusion at grade separations may be eliminated by 
more adequate markings and by providing separate approach lanes into 
and from the ramps. Simplicity must be adhered to in grade separation 
design, and warnings must be frequent and well in advance. A driver 
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has no time to study the layout while he is approaching even at moderate 
speed. 

The use of many signs on a single post at grade separations is not 
only useless but distracting. When traveling at even 30 miles per hour 
it is impossible to read more than one or two simple signs at once with- 
out too long a detraction from driving. The route numbers should be 
staggered, and presented to the driver one at a time well in advance. 

Vertical curbs are frequently a hazard on rural highways. They are 
installed supposedly as a protection for pedestrians; but in rural loca- 
tions where the pedestrian walks are located several feet away from the 
pavement and infrequently used, they have little safety value compared 
to the damage they can cause when a vehicle is forced off the pavement 
and runs into them. Their visibility is poor. It is almost impossible 
to see them at night; they appear to hide in their own shadow. Le 
would be a definite advantage to drivers on many state roads if these 
vertical curbs were taken up and laid on their sides. This is particularly 
true of curbing on the center strip of a divided roadway. A sloping 
curb with white cement or white aggregate of some sort should be adopted 
as standard for edging on center reservations and on rural highways. 

Mr. Noble emphasizes the use of a wide center reservation. The 
necessity for this is strikingly brought out by the inadequacy of the 
10-foot reservation strip used on the Worcester Turnpike in Massa- 
chusetts. 

Difficulty with this narrow center strip arises where it is carried 
across side streets and made to function as a rotary island. A driver 
entering from a side street and desiring to make a left turn must first 
make a right turn, travel with fast traffic to the first opening in the 
center strip and then make a U turn into the opposite stream of fast 
moving vehicles. In making this U turn, a narrow center strip pro- 
vides no refuge against on-coming Cars, and the driver must wait in the 
path of traffic for an opportunity to complete the turn. Since three 
quarters or more of the total roadway is required for this turn, a driver 
must wait for a completely clear road before he can proceed. 

Figs. 3 and 4 illustrate the inadequacy of a 10-foot center strip for 


passenger cars, and for trucks, respectively, when attempting to make 


a U turn. deat 
Fig. 5 shows an accident on the Worcester Turnpike in which the 


narrow dividing strip was a factor. This is grim evidence of the inade- 


quacy of this narrow strip. _ . 
Figs. 6 and 7 illustrate the necessity for a minimum center width 


of 15 feet for a small passenger Car and 30 feet for a large passenger 
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Illustrating the inadequacy of a 10-foot center strip between 
two 20-foot roadways. 

A is a small passenger car, 13 feet long and with a turning 
radius of 17 feet. This car must be driven on to the paved 
shoulder in order to complete a turn from the inside lane on one 
side to the outside lane on the other side. 

B is a large passenger car, 18 feet long and with a turning 
radius of 25 feet. This car must be backed in order to make the 
turn. 

The center strip is not wide enough to protect either car A or 
car B against the possibility of collision with cars traveling in the 
inside through lanes. 


Fic. 4 


Illustrating the inadequacy of a 10-foot center strip for a truck 
25 feet long, and with a turning radius of 35 feet. 

A truck of this size must be turned and backed as shown by 
positions (1), (2), (3) and (4). In this maneuver it completely 
blocks one roadway and half blocks the other. 
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car, respectively. If the same freedom of movement is allowed for a 
motor truck of moderate size a center width of 50 feet would be re- 
quired, as illustrated in Fig. 8. 

In many cases the cost of right-of-way wide enough to provide an 
ample center strip is prohibitive, and the inadequate 10-foot strip is the 
most that can be had. In this case it is doubtful whether the rotary 
movement through the center strip should be required of traffic. A 
straight crossing protected by stop and enter signs or signals would prove 
much less hazardous than a U turn in the path of fast traffic. In open 
country (where most high-speed roads should be located) the cost of a 
right-of-way 200 or 300 feet wide is not proportionally greater than for 


Fic. 5 


Automobile accident on a divided roadway. The center reser- 
vation is 10 feet wide. Note how this small car overhangs the 
pavement on both sides of the center strip. 


a 100-foot right-of-way. In this case sufficient width should be acquired 
to provide at least a 50-foot center strip. 

At best, crossovers are an undesirable feature in express highways, 
and their number should be kept to a minimum. Access to and egress 
from them should be allowed with the least possible interference with 
through traffic. 

Fig. 9 shows a suggested layout for a crossover with deceleration 
and acceleration lanes. Two kinds of pavement are shown: the con- 
crete pavement is provided for through traffic, and a non-skid bitumi- 
nous type for deceleration, acceleration and turning lanes. A driver 
wishing to make a U turn, swings into the inside bituminous lane, 
slows down and turns through the opening and into the inside bitu- 
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Illustrating how a small car (A) with a turning radius of 17 
feet requires a 15-foot center strip to make a turn from the inner 
lane on one roadway to the outer lane on the other, where the 
pavement is 20 feet wide on each side. There is just enough room 
between roadways for this small car (13 feet long) to stand free of 
traffic on the fast lanes. 


| 
1 
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Figo. 7 


Illustrating how a large car (B) with a 25-foot turning radius 
requires a 30-foot center strip to make a turn from the inner lane 
on one roadway to the outer lane on the other, where the pave- 
ment is 20 feet wide on each side. In this case there is ample 
room for the driver to wait in the crossover for a safe opportunity 
to complete the turn. 
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Illustrating how a truck with a turning radius of 35 
feet requires a center strip 50 feet wide in order to 
make a turn from the inner lane on one side to the outer 


lane on the other side. 
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A suggested design for a crossover in a divided express highway 
with deceleration and acceleration lanes for making turns into and 


from the crossover. 
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minous lane on the opposite side, picks up speed and joins with fast 
moving traffic on the concrete lanes. This allows for a continuous 
traffic movement at reduced speed. No difficulty should be encoun- 
tered in entering the deceleration lane, but joining with the fast moving 
traffic at the end of the acceleration may prove more difficult, due to 
crowding from cars in the fast lanes. A stop and enter sign could be 
placed in the crossover so that entrance to the fast lanes would be 
made from a stop, and only at such a time when there was a break in 
the fast through traffic stream. 


Economics of High-Speed Roads 


High-speed highways will be so costly that they can only be con- 
sidered for the more important intercity routes, such as between Bos- 
ton and New York. Any one who has driven to New York will realize 
that no amount of remodeling will make the present highway suitable 
for speeds of 80 or 100 miles per hour. To provide such a speedway, 
another highway must be built on new location with all grade crossings 
eliminated. The cost of such a highway might run from $100,000 to 
$500,000 per mile, or somewhere in the vicinity of $60,000,000 for 
the total distance of about 200 miles between metropolitan areas. 
This is three to four times the total expenditures for state highway 
construction by the States of Massachusetts, Rhode Island and Con- 
necticut in 1935. 


The question arises as to who would benefit from such a road. The * 


trucks and busses would surely benefit, but the trucks will be ruled off 
because they cannot maintain passenger car speeds and would interfere 
with the operation of passenger cars at 80 to 100 miles per hour. There 
would be little scenic value in such a road, for the driver at least; and 
not much recreational value except for those who crave excitement. 
Business men who travel in cars from city to city, and other drivers in 
a hurry to get from one region to another, would profit by the road. 
Much of the traffic on our present highways, however, is local traffic 
between cities and towns, and would not use the high speed road. 

The only advantage of the high-speed highway is a saving in time, 
which is of real value to only a portion of the driving public. Should a 
large proportion of public funds be expended for the specific benefit of 
this particular class of drivers? Another justification for high-speed 
highways is military defence. This is obviously the major purpose of 


European high-speed highways, since highway traffic in Europe is very 
light compared to that in this country. 


; 
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High-speed highways are also subject to the laws of diminishing 
returns. The faster the cars travel the farther apart they must be 
spaced and the less will be the ultimate capacity of the road in vehicles 
per hour. Fig. 10 illustrates theoretically the relative transportation 
service available from a lane of uninterrupted traffic at 45 miles per 
hour and 90 miles per hour, respectively. In return for the greater 
speed, vastly greater expenditure, greater risk of accident, and less 


BOSTON 45 MILES PER HOUR NEW YORK 
35 Cars per Mile - 150 ft. apart - 1600 Cars per Hour Y 
I<— 200 Miles of Express Highway - Time 4% Hours 
230+ Miles Center to Center of Cities - Time 5% Hours mils 
Cost $100,000 to $200,000 per Mile 


90 MILES PER HOUR 


1) Cars per Mile - 470 f+. apart - 1000 Cors per Hour 
A eee ee ees Ws 


—— 200 Miles of Express Highway - Time 24 Hours ——> 
bs 230+ Miles Center to Center of Cities - Time 34 Hours ae) 
Cost $200,000 to 4 500,000 per Mile 


Fic. 10 


A theoretical comparison of the maximum transport 
service available from a single lane of uninterrupted road- 
way between Boston and New York at 45 miles per hour 
and 90 miles per hour respectively. 

Spacings and cars per hour are from the following formula 
derived by the Massachusetts Highway Accident Survey, 
based upon the braking power of cars: S =.0102M* 3+ 
1.47M+20 where S is the minimum spacing of cars in feet 
at speed M in miles per hour. 


capacity, a time saving of about two hours would be made in a trip 
from Boston to New York. The actual trip time would not.be reduced 
50 per cent, because the time required on congested highways to get 
from the end of the express road to the centers of the terminal cities 
must{be added. Under favorable conditions, it is reasonable to assume 
that twenty minutes will be required in Boston and forty minutes in 
New York; then the total trip time is five and one half hours, and the 
saving in time would be about 40 per cent instead of 50 per cent. How 
much is this saving in time worth? 

In this connection it should be pointed out that there are already 
two fast means of transportation between Boston and New York, — the 
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railroad, which is very safe and only takes four and one half to five hours 
from center to center of cities, and the airplane, which takes about one 
and one half hours between airports, and is becoming safer and safer 
each year. Why should there be duplication with public funds of fast 
means of transportation on a highway which is less safe than the means 
already existing by rail and by air? 

Mr. Noble has stated that we are justified in spending 60 per cent 
more than we do now in order to build safe roads and eliminate acci- 
dents. This is based upon an estimate of economic loss from those 
accidents where the highway is a factor, which are considered to be 30 
per cent of all accidents. Such a vast increase in highway expenditure 
would probably reduce the highway factor in accidents but would not 
proportionally decrease accidents as a whole, since the majority of 
accidents are traceable to causes other than the condition of the high- 
way. More money should be spent on driver control and education 
rather than on expensive express highways which the average driver is 
not fit to use. The driver must be educated in the proper use of the high- 
way. He must be made aware of his limitations and acquainted with 
the probabilities of the accidents. The present spirit of public indiffer- 
ence must be overcome. 

Great concern is properly expressed for our soldiers lost in the 
World War, yet every year a like number of our citizens are killed as a 
result of highway accidents, and a greater number injured. The Battle 
of Gettysburg was one of the most sanguinary events in history, yet the 
number killed in that four-day battle was no more than are killed in 
three months on our highways. In the four years of the Civil War, 
about 110,000 men were killed, which is about the same number that 
are killed every three years on our highways. 

Not until sudden death and maimed relatives visit our homes a 
little more frequently will public sentiment fully revolt against this 
ghastly spectacle. This time is fast approaching. Now is our chance 
to give an everlasting contribution to humanity, not by encouraging the 
construction of highways for greater speed, but by educating the public 
in the limitations ‘of the average human mind, in the many and subtle 
dangers in motor vehicle operations, that speeds of 40 to 50 miles per 
hour should be the maximum on any highway for reasonable safety 
both for the driver and for the other fellow. We have an abiding faith 
that the sanity of the average citizen will eventually prevail when he 
fully realizes the hazards of high-speed highway travel. 


DESIGN OF ALUMINUM ALLOY STRUCTURES 139 


RECENT EXAMPLES OF THE DESIGN OF 
ALUMINUM ALLOY STRUCTURES 


By B. J. FLETCHER * 


(Presented at a meeting of the Designers Section of the Boston Society of Civil Engineers held on 
March 10, 1937) 


For the year 1906 the world production of aluminum was 16,000 
tons. According to present estimates, the world production of aluminum 
for 1936 was more than 300,000 tons. In many fields this rapid growth 
has been due to factors such as attractive appearance, resistance to 
corrosion, high electrical and thermal conductivity, and workability. 
In other fields, including structures and construction equipment, the 
increasing use of aluminum and its alloys is due primarily to the com- 
bination of low specific gravity and high strength. Where weight reduc- 
tion means decreased initial or operating costs or increased capacity for 
either stationary or moving structures, aluminum alloys merit the con- 
sideration of the designing engineer. 

An efficient design combines functional adequacy with economy of 
material. The designer must find and follow this narrow path between 
inadequacy and waste. Strength and durability consistent with the 
service requirements of a structure are always essential. Elimination of 
waste is imperative in the design of aluminum alloy structures where 
excess material exacts a double penalty in the form of added first cost 
and a reduction in the desired weight saving. 

To prepare an efficient design an engineer must be familiar with the 
service to which the structure will be subjected and with the manner in 
which his materials will behave under the conditions imposed by that 
service. The mechanical properties of the aluminum alloys used for 
structural purposes have been investigated thoroughly and are given in 
specifications published by several technical societies, government agen- 
cies and manufacturers. The special and routine tests made on aluminum 
alloy products assure uniform quality under definite material specifica- 
tions. 

A simple tabulation of ultimate tensile strength, yield strength, 
elongation and other mechanical properties has a limited value in present- 


* Engineer in the Development Division of the Aluminum Company of America, New Kensington, Pa. 
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ing a true picture of the behavior of structural members fabricated from 
the material in question. These data supply a foundation from which 
to work, but they give only a hint of the form of the structure which 
should be erected on that foundation. 

Specifications for the design of aluminum alloy structures have been 
prepared which give the unit stresses and the proper proportions for 
members fabricated from commercially available commodities. Such 
specifications limit the working stresses in columns, beams and tension 
members of a typical aluminum alloy structure. Those who have worked 
on design problems involving the use of aluminum alloys have found such 
specifications helpful but inadequate, because there is no such thing asa 
typical aluminum alloy structure. Where these alloys have been used 
for structural applications some special problem is invariably involved. 
Existing specifications for the design of steel buildings, concrete highway 
bridges or steel railway bridges cover applications where tremendous 
amounts of material are used in structures subjected to similar service 
requirements over a large part of the country. No skyscrapers, highway 
bridges or railway bridges exist in which aluminum alloys form the prin- 
cipal material of construction. These alloys have been used for bridge 
floors in Pittsburgh, Pennsylvania, and Bridgeport, Connecticut; for 
emergency bulkheads for dams in West Virginia, Ohio and Pennsylvania; 
for dragline booms in Louisiana, Pennsylvania, Alaska, Greece, South 
America and other parts of the world; for power shovel dippers in strip 
coal mines throughout the Middle West; and in many other applications, 
each highly specialized as to service conditions and economic require- 
ments. A general design specification must sacrifice maximum economy 
in order to assure safety and durability under all conditions existing 
throughout a wide field. In aluminum alloy structures such a compro- 
mise is economically impossible, since waste of material in any individual 
structure increases first cost and defeats the ever-present objective of 
maximum weight saving. 

Aluminum alloys are not a material for the handbook engineer who, 
all too frequently, makes a superficial study of the loads to which the 
members of a structure will be subjected and then selects his angles 
or beams or columns from a set of tables. Aluminum alloys do offer a 
flexible and economical material of construction to the designer pos- 
sessed of the ability and experience necessary to make a careful analysis 
of a specific problem, to determine the factor of safety essential to that 
application, and to select the proper materials to suit his needs. To aid 
such engineers a new type of specification has been prepared. This 
general specification presents information on the aluminum alloys 
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available commercially, together with discussions, formule and curves 
giving the ultimate strength of a variety of structural members fab- 
ricated from these alloys. From this basic information a competent 
engineer can prepare detailed specifications, in terms of allowable work- 
ing stresses, for the use of the designer. By this means adequate safety 
and elimination of waste will be assured by adapting each major alu- 
minum alloy structure to the particular ends which it must serve. This 
specification will be available in the near future. 

It is of importance to turn from general considerations of design 
to actual examples of the work which has been accomplished in the 
field of civil engineering with aluminum alloys. These examples in- 
clude power shovel dippers, dragline booms and emergency bulkheads 
for dams. The question has been raised as to whether a dragline boom 
or a power shovel dipper is a structure or a machine part. Such classi- 
fication is unnecessary in view of the fact that manufacturers of this 
equipment have learned that an application of the methods of analysis 
and design familiar to all structural engineers saves money and im- 
proves their product. These particular examples have been selected 
because they represent a wide variation in the range of exactitude with 
which imposed loadings and resultant stresses can be determined. 
They typify three different methods of approach to designs embodying 
the use of aluminum alloys. 

During the past few years manufacturers of many types of con- 
struction equipment have been confronted with the problem of re- 
ducing the dead weight of their products. Truck bodies, material 
handling skips, and excavating buckets are characteristic of this group. 
Conventional materials, service requirements and factors of safety 
vary over a wide range for such equipment, but in each case the design 
and the service are such that loads and stresses are highly indetermi- 
nate. In each case an inexperienced or careless operator can wreck the 
equipment. An abstract knowledge of materials and rational processes 
of design cannot be combined to produce a satisfactory unit unless 
the designer has a background of actual experience with the perform- 
ance of similar units. A blacksmith who has spent years repairing’ 
mine skips can build a durable and economical unit, where an engi- 
neer, thoroughly familiar with the properties of materials and methods. 
of structural analysis, would have little chance of designing a satis- 
factory skip unless he had a background of practical experience in 


In work of this type it is usually possible to get the 


actual mining. 
her to produce a job better than 


blacksmith and the engineer toget 
either could achieve alone. 
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An outstanding example of the application of aluminum alloys to 
equipment subjected to severe and indeterminate working conditions 
is furnished by the large power shovel dippers which are used for strip 
mining. A consideration of the operating cycle of a 16 cubic yard 
dipper gives some indication "of the variety and severity of the service 
encountered. At the start of its stroke the dipper teeth are thrust 
forward into the strata of dirt or rock which lie above the coal seam. 
As the dipper is forced up through the bank it tears through alternate 
layers of hard and soft material. Large rocks may fall from high up 
on a 40-foot bank into the dipper or on to its sides or bail. It wrenches 
free from the bank with a full load and starts to swing to the spoil 
bank. The shovel swings, first accelerating and then retarding the 
bucket with its 25-ton load. Finally, the operator trips the door latch, 
the door swings open and the load pours out. The door swings back, 
forced by the dropping load, and may strike the bumper block on the 
stick with a blow that can be heard a mile away. Frequently a boulder 
has lodged on the teeth and falls, striking the door as it swings shut. 
Then the bucket swings back to the pit to begin the cycle again. This 
complete operation of digging, swinging, dumping and swinging back 
has taken less than a minute. Twenty-five tons of earth and rock have 
been moved over 200 feet and lifted 50 feet. This goes on twenty-four 
hours a day, six or seven days a week. It would take a supreme opti- 
mist to attempt to reduce the wrenching and shocks of that cycle to 
numerical terms of pounds or tons of load on dipper parts, and a second 
optimist of equal caliber to attempt to reduce those loads to terms of 
stresses in shell plates, back, door and bail. 

For years power shovel dippers were made of massive steel cast- 
ings and plate, and they weighed over 2 tons per yard of dipper ca- 
pacity. This imposed a severe limit to the size of dippers which could 
be handled. In the building of the Panama Canal the 5 cubic yard 
power shovel dippers which were used were considered enormous. To- 
day an aluminized power shovel dipper, built by the Marion Steam 
Shovel Company and operated by the Northern Illinois Coal Corpora- 
tion at Wilmington, Illinois, has a capacity of 32 cubic yards. During 
1936 it moved 6,300,000 cubic yards of earth. The main strength mem- 
bers of this dipper are aluminum alloy castings and plate. The dipper 
weighs slightly over 2,000 pounds per cubic yard of capacity. 

The design of this dipper was not a problem in stress analysis. It 
was developed from the contribution of an intimate knowledge of work- 
ing requirements and service conditions by the operator, a knowledge 
of power shovel design and construction based on fifty years of experi- 
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ence by the manufacturer, and a knowledge of the characteristics of 
aluminum alloys by the producer of the castings and plate. 

The first large aluminized stripping dipper was a 16 cubic yard 
unit built in 1934 and still operating. The design was based on experi- 
ence with a 12 cubic yard steel dipper which it replaced, giving a 33 per 
cent increase in daily output. In this dipper the bail, shell plates and 
door plates were the heat-treated aluminum alloy 27S-T, which weighs 
0.101 of a pound per cubic inch, and has an ultimate tensile strength of 
about 60,000 pounds per square inch, a yield strength of about 43,000 
pounds per square inch and an elongation of about 12 per cent in 2 
inches. The lip, teeth and bottom bands are manganese steel, which 
has excellent resistance to the wear caused by highly abrasive rock and 
sand which is handled. The body consists of two 27S-T plates which 
are separated in the back by cast spacers to give a box girder construc- 
tion which takes the thrust of the stick. The main shell is still in service 
after two and one half years. 

Back connection pads are castings in alloy 220-T4, which has the 
following typical properties for standard individually cast test bars: 
weight, 0.092 of a pound per cubic inch; ultimate tensile strength, 
44,000 pounds per square inch; yield strength, 26,000 pounds per square 
inch; elongation, 11 per cent in 2 inches. 

It is a recognized fact that the strength of castings depends on the 

‘foundry methods employed as well as on metal quality, as shown by 
test bars. The massive door hinge castings, shaped like a fishhook with 
a varying I form of cross section, presented a real problem in foundry 
technique. During the experimental period the proper locations of 
gates, risers and chills were worked out. Sequences of pouring operations 
and of heat-treatment methods were studied. Castings were X-rayed 
and then tested under operating conditions. This work resulted in a 
steady improvement of metal quality. At the same time conventional 
hinge designs were modified to give proper stress distribution and to 
eliminate points of stress concentration on the complicated sections. 
The actual stresses caused by huge rocks falling from the teeth on to 
the door plate, or by the slamming shut of a 3-ton door, may never be 
known, but study and analysis have resulted in the proper distribution 
of metal and the proper methods for producing castings of a high de- 
gree of uniformity. The fact that there has been no hinge trouble of 
any kind on these dippers for more than a year indicates the effective- 
ness of this approach to the design problem. : 

The bail of a dipper is subject to reasonably exact analysis. The 
maximum pull on the bail is known because, if the dipper teeth en- 
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counter excessive resistance in passing up through the bank, the electric 
hoist motors will stall. Impact effects are decreased by the flexibility 
of the long-hoist cables. Taking the stall load on the hoist lines plus a 
moderate impact factor as the maximum load, the bail is analyzed as 
a curved beam, allowing suitable factors for stress concentrations due 
to curvature, and considering the ends of the beam to be either fixed 


Fic. 1.— ELEctrric Power SHovEL EQuipPED WITH 
32 CuBic YARD ALUMINIZED DIPPER 


This, the world’s largest, power shovel moves overburden 
in an Illinois strip coal mine. 


or free. Several forged bails have been designed by this method and 
have proved uniformly satisfactory in service. Bails for stripping and. 
coal-loading dippers have been forged from aluminum alloy 14S-T. 
Forgings made from this alloy have shown the following mechanical 
properties: weight, 0.101 of a pound per cubic inch; ultimate tensile: 
strength, 65,000 pounds per square inch; yield strength, 50,000 pounds: 
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per square inch; elongation, 10 per cent in 2 inches. The forgings have 


a rectangular cross section of varying depth. The bail for a 10 cubic 
yard dipper weighs 1,320 pounds in aluminum, and is the largest forg- 
ing ever made in an aluminum alloy. For the 16 and 17 cubic yard 
dippers forged bails could not be used, as size was limited by existing 
forging equipment, so built-up bails of a box section were used. In 


such bails efficiency is reduced by the extent and complexity of the 


connections necessary to make all parts of the assembly work as a unit. 
The success of forged bails has emphasized the fundamental design 
fact that homogeneity of section and freedom from stress raisers are of 
the first importance. 

As more dippers were built and operating experience mounted, 
designs were steadily improved. The 32 cubic yard dipper has been in 
service for sixteen months and has handled nearly 8,000,000 cubic 
yards of dirt. In that time there has been no replacement or failure of 
any aluminum alloy part. 

The design of power shovel dippers is an art based on cut and dried 
methods, but even here structural analysis has proved of the greatest 
value in the perfection of certain details. 

In the field of construction equipment types of service vary widely 
in severity and determinacy. The second example chosen is excavator 
booms. A dragline or dredge boom does not come in contact with the 
material handled, except in the inadvertent, and fortunately rare, case 
of collapse. The weight of the bucket and earth load is known within 
reasonable limits, and the forces due to swing accelerations can be esti- 
mated. Knowledge on these points is incomplete and inaccurate, but 
still a fair approximation of loads and stresses can be made for a specific 
case. The first dragline boom in which an extensive use was made of 
aluminum alloys was a 75-foot boom handling 114 cubic yards. It was 
designed and built by the Bucyrus-Erie Company in 1930, and func- 
tioned well and efficiently in the anthracite coal fields until it was 
finally lost in April, 1935, when the whole machine was buried by a 
landslide. 

In building the Mississippi River levee system, which has given 
such a good account of stself in the recent flood, the basic problem was 
the movement of large quantities of earth over comparatively short 
distances. One of the most effacient machines used was the dragline 
excavator. These machines travel on rails, caterpillars or tubs. They 
work in soft, mucky ground with insecure footing where stability is 
important. For efficiency, boom lengths and bucket capacities must 
be a maximum. A light-weight boom permits a long reach and pre- 
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serves machine stability. Through the use of aluminum alloys, boom 
structure weights are decreased about 50 per cent, and reach is in- 
creased 15 or 20 per cent. This cuts down rehandling of dirt and will 
increase construction speed, using a given machine, from 15 to 25 per 
cent under favorable conditions of steady operation. 

A dragline boom is essentially a strut subjected to heavy compres- 
sion loads due to the weight of the bucket and dirt acting through hoist 
lines and boom support guys. In addition to this axial compression 
the boom is subjected to vertical loads because of its own dead weight 
and to a horizontal load at the outer end of the boom due to swing 
acceleration and deceleration. Where loads are known it is a relatively 
simple matter to arrive at the loads and stresses in the various members 
of this latticed strut. 

The material used for these booms is aluminum alloy 17S-T, which 
has the following typical physical properties: weight, 0.101 of a pound 
per cubic inch; ultimate tensile strength, 58,000 pounds per square 
inch; yield strength, 35,000 pounds per square inch; elongation, 20 
per cent in 2 inches. In common with all of the alloys of aluminum, 
17S-T has a modulus of elasticity of 10,300,000 pounds per square 
inch, — approximately one third that of structural steel. This factor 
is of primary importance in the design of such structures as dragline 
booms, where heavy compression loads are encountered in the main 
chord members. If steel and aluminum beams of identical size are sub- 
jected to equal loads, the deflection will be approximately three times 
as great for aluminum as for steel. Similarly, an aluminum column has 
a greater tendency to bow under load than a steel column of equal cross 
section and length. Since the stiffness of a member varies directly with 
the moment of inertia as well as with the modulus of elasticity, a rela- 
tively small increase in the dimensions of the cross section insures ade- 
quate stiffness. The virtues of bulk are too often overlooked in the 
attempt to save weight in structures. Aluminum alloys are the only 
commercially available structural metal in which weight saving can be 
effected without sacrificing the benefits of bulk of section which are so 
essential to simplicity of fabrication and to the stability of both individual 
members and of the structure as a whole. Through a moderate increase 
in the depth and width of the boom as a whole, together with a slight 
increase in the cross section of the individual members, ample stability 
and strength are attained, together with a weight saving of about 50 
per cent in the boom structure. 

The design of dragline booms is developed directly from a study of 
loading conditions and not from a comparison with former steel booms. 


—— ee 
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To determine the stress distribution in the members of built-up aluminum 
struts sixteen scale models have been built and tested by the Aluminum 
Research Laboratory under the direction of R. L. Templin and E. C. 
Hartmann. The models were tested as columns subjected to axially 
and eccentrically applied loads, as beams, and as struts subjected to 
torsion. Strain gauge readings were taken to determine average stresses, 
and the stress distribution on the cross section of members and around 
riveted joints. These model studies have assisted in selecting efficient 


Fic. 2. — TEstinG A MODEL OF AN ALU- 
minuM Boom SECTION 


Extensive laboratory and field tests form a background for 
the design of aluminum alloy structures. 


forms, arrangement of members, and details for dragline booms. As is 
often the case, this research has contributed even more to the general 
knowledge of structural design than to the limited field of dragline booms. 

While most aluminum dragline booms have proved durable and 
economical, the performance of certain booms indicated that design 
assumptions were in error. Almost no exact knowledge existed as to the 
magnitude or nature of swing loads on a working boom. Laboratory 
tests could not duplicate actual field operating conditions, so strain 
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measurements were made: on a full-sized boom working in the field. 
Those familiar with the conventional strain gauge will appreciate that no 
one could ride a vibrating, whipping boom and secure accurate readings. 
The gauges used were of the self-recording type known as Scratch Strain 
Gauges. With these gauges changes in length of a 3-inch gauge line 
are recorded as scratches on a chromium plated brass target. This record 
is photographed and enlarged one hundred times or more, and strains 
are scaled from the curves. The gauges are only about 4 inches long and 
are so light that they can be fastened to any structural member. A 
combination of gauges gives the distribution of stress at a given cross 
section, and from this the average stress and the load on the member 
can be computed. 


Fic. 3. — LEVEE BUILDERS ON THE MississipP1 RIVER SYSTEM USE LONG 
ALUMINIZED Booms 


This 240-foot dredge boom uses a 150-foot aluminum alloy peak section 
to reduce dead weight and increase working range. 


From these field tests it was found in one case that stresses at a 
certain point varied from 26,900 pounds per square inch compression 
to 5,000 pounds per square inch tension as the machine operated through 
af digging cycle. This was considerably in excess of calculated values 
based on the loadings originally assumed. A study of the data indi- 
cated that excessive horizontal bending loads were caused by jerky, 
rather than uniform, swing acceleration due to rough acting clutches. 
The data also indicated that the fundamental methods of design and 
analysis were correct, provided the proper acceleration factor ~was 
used. Thus through a combination of laboratory and field tests the 
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durability and economy of such structures have been materially im- 
proved. 

Last year an unusual type of boom was built for a dredge now 
operating in the Atchafalaya Floodway in Louisiana. This boom has 
a total length of 240 feet, of which the outer 150 feet are aluminum al- 
loy. The design includes relatively shallow plate girders for the bottom 
chords which carry the compression loads. This bottom chord is made 


Fic. 4. — ConsTRUCTION oF ALUMINUM ALLOY FLOOR FOR STRATFORD 
AVENUE BASCULE BRIDGE AT BRIDGEPORT, CONNECTICUT 


Large, light-weight shop-fabricated floor panels speed erection and cut dead 
weight. Aluminum alloy panels surfaced with mineralized asphalt blocks 
provide a light-weight floor and a surface adapted to all traffic requirements 
and to protection of bridge structure. 


to work with the boom support cables by a system of aluminum posts 
and steel cables. This design is proving most stable and satisfactory 
in service. It handles a 6 cubic yard steel grab bucket with a loaded 
weight of 30,000 pounds. 

The experience with aluminum booms shows that careful analysis 
based on laboratory and field tests will give efficient designs even where 
conditions of service are severe and loads vary over a wide range. 
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In contrast to power shovel dippers and dragline booms, where 
the knowledge concerning loads and stresses is limited, are the more 
familiar types of structures, such as the bridge floor installed on the 
old Smithfield Street bridge in Pittsburgh in the fall of 1933. The light- 
weight aluminum alloy highway and railway floor system eliminated 
the necessity of building an entirely new bridge, and gave the struc- 
ture, which was originally built in 1883, a new lease on life. 

The advantages of light-weight flooring are obvious on a bascule 
type bridge, and led to the installation last spring of an aluminum alloy 
floor on the Stratford Avenue bridge on the Boston Post Road at Bridge- 
port, Connecticut. 


Fic. 5. — GALLIPOLIS DAM ON OHIO RIVER, UNDER CONSTRUCTION 


Aluminum alloy emergency bulkheads are placed by a derrick boat to 


close openings when steel roller gates must be raised for maintenance or 
repair. 


Although there may be some doubt as to the maximum loads to 
which the trucks will subject our bridge floors in the future, the weight 
of water will never change, and bulkheads designed to resist a known 
head of water furnish an excellent example of a design problem where 
loading conditions are accurately known and where a refinement of 
stress analysis is fully justified. 

The Gallipolis Dam on the Ohio River is typical of the structures 
which the United States Engineer Corps is building to improve naviga- 
tion on the Mississippi River system. In movable-crest dams of ‘this 
type the level of the upstream pool is controlled by huge steel roller 
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gates. At Gallipolis these cylindrical gates have an over-all length of 
nearly 130 feet and a diameter of 22 feet. The effective height of the 
gate is increased to 29 feet by a projecting flap which seats against the 
sill of the dam. The level of the pool above the dam must be main- 
tained at all times, so a method is provided for closing the opening when 
a roller gate is lifted for painting or repairs. The emergency bulkheads 
used to close one gate opening consist of seven aluminum alloy units, 
each having an over-all length of 129 feet 6%4 inches, and a depth per 
unit of 4 feet 4 inches. Each unit has two parallel trusses which are 
13 feet 1014 inches back to back of main chords. The bottom chords 
are connected by a water-tight skinplate. When in use the seven units 
are stacked one on top of the other, with the trusses lying horizontally 
upstream from the skinplates. As any one of the seven units may be 
on the bottom, all of the units are identical. The load on the bottom 
unit, 4 feet 4 inches high, may reach 7,410 pounds per lineal foot, or 
945,000 pounds per unit. It will be appreciated that a gate with a span 
of 130 feet designed to support a 500-ton load must be a bulky structure. 

When the United States Engineer Corps designed these bulkheads 
in structural steel they found that each unit would weigh about 78 
tons. To handle such a heavy load it would be necessary to use a large 
crane running on a heavy bridge from pier to pier across the full 1,100- 
foot length of the dam. By using nickel steel for the bulkheads it was 
estimated that the weight per unit could be reduced to 44 tons, but still 
a heavy bridge and crane would be required. A design was prepared 
in which aluminum alloy 27S-T was specified. The estimated weight 
of each aluminum unit was 28 tons. This weight could be handled by 
a derrick boat operating upstream from the dam, thus eliminating the 
crane and permitting the use of a light bridge between piers. Through 
the use of aluminum alloy bulkheads the entire design of the dam was 
changed. Long gate openings offering the minimum restriction to 
river flow were made possible, and the expense of a heavy crane and 
bridge were eliminated. In the design of these bulkheads a basic work- 
ing stress in tension of 22,000 pounds per square inch was used. The 
specifications required that the 27S-T shapes and plate should meet 
the following minimum values: 


Ultimate tensile strength (pounds per square inch) . 58,000 
Yield strength (pounds per square inch) , : 3 : : : . 45,000 
Elongation in 2 inches (per cent) 4 ; , : ; : 8 


Before the final decision to use aluminum alloy bulkheads was made, 


a test unit approximately 104 feet long by 4 feet high was fabricated 
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from 27S-T and actually tried out at the Marmet Dam on the Kanawha 
River in West Virginia. This dam was built several years ago and is 
equipped with the heavy construction crane and bridge necessary to 
handle steel bulkheads. The test of the aluminum unit demonstrated 
that it had adequate strength and would handle and seat properly under 
any conditions of flow which would be encountered in practice. This 
unit will be used at the Winfield Dam on the Kanawha River in West 
Virginia. 

The design of the Gallipolis bulkheads was based on the results of 
this test, together with a careful study of the service conditions and of the 
characteristics of aluminum alloy 27S-T. Chord members consist of 


Fic. 6.— TrEst oF ALUMINUM ALLOY EMERGENCY BULKHEAD AT 
MArMET DAM, KANAWHA RIVER 


The use of light-weight emergency bulkheads for recent dams will 
eliminate heavy bridge and crane shown here. 


web plates and flange angles. Economy of material was effected through 
continuity of joints in compression members, obtained by using gusset 
plates inserted between the flange angles. Both gusset plates and web 
plates had edges milled for bearing. The question of deflection of the 
units under water loads was solved by providing an upstream camber of 
about 4 inches, and by an ingenious arrangement of end rollers set in 
housings which permit them to swivel about a vertical axis. 

The design of any structure is affected by the methods of fabrication 
which must be employed. In the case of the emergency bulkheads for the 
Gallipolis Dam, fabrication was carried out in the shops of the Nashville 
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Bridge Company. This shop had never built an aluminum alloy struc- 
ture before; but, in spite of this, highly satisfactory results were obtained, 
due to intelligent effort on the part of the designer and fabricator. 
Standard steel working tools were used for shearing, punching, reaming, 
milling and riveting. Alloy 27S—T owes its high strength to heat treat- 
ment, and for this reason welding and flame-cutting operations which 
would anneal the material are not permitted. Where coping cuts were 
required the work was done on a band saw similar to the type employed 


Fic. 7.— ALUMINUM ALLOY EMERGENCY BULKHEADS FOR GALLIPOLIS DAM. 


Standard fabricating tools and methods are used in the construction of 
aluminum alloy structures. 


for hardwoods. Cold driven annealed steel rivets were used in the fabri- 
cation of built-up members. Twenty-six thousand five hundred steel 
rivets, three quarters inch and seven eighths inch in diameters, were 
driven cold, using an 80-ton squeeze riveter with closely controlled air 
pressure. Driven heads were of a flat cone type. The use of cold riveting 
permits a very close clearance of rivets in the holes, which were sub- 
punched and reamed to the nominal rivet diameter. These rivets were 
of good appearance and exceptionally tight. This process of cold een 
ing appears to be gaining in favor and has good possibilities for streng 
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and economy. Rivets in the assembled units were hot driven, using 
standard steel rivets and pneumatic hammers. 

The final step in the fabrication of the bulkheads was the caulking 
of skinplate joints with pneumatic tools, attachment of oak bearing tim- 
bers to act as seals on the upstream face, and painting with a priming 
coat of zinc chromate paint followed by two coats of aluminum paint. 

Designs and specifications for the emergency bulkheads for the 
Gallipolis Dam were prepared by the United States Engineer Office, 
Huntington, West Virginia, under the direction of Lieut-Col. John F. 
Conklin. They are an excellent example of the weight-saving and re- 
sulting economies which can be attained with aluminum alloys through 
the use of efficient design methods where loading conditions are definitely 
known. 

At present a set of similar aluminum alloy bulkheads is being built 
for the Winfield Dam on the Kanawha River, and a third set of bulk- 
heads will be built this spring for the Emsworth Dam on the Ohio River. 

This brief sketch gives some idea of the manner in which design 
problems involving aluminum alloys have been approached in the past. 
There is a good back-log of practical experience at present, and this is 
constantly being increased by work in fabricating shop, design office and 
the research laboratory. Engineers interested in the possibilities of 
weight reduction through the use of aluminum alloys are assured of com- 
plete co-operation in the solution of their problems. 


OF GENERAL INTEREST 


PRIZES AWARDED AT ANNUAL MEETING 
ON MARCH 17, 1937 


Special Boston Society of Civil Engineers Prize 


To Pror. JoHN B. BaBcocK, 3D, MEMBER 


Presentation made by President H. K. Barrows 


President H. K. Barrows stated that 
the Presidential Address delivered a 
year ago has been of particular interest 
to members of the Society. It is there- 
fore appropriate that the Board of 
Government adopted the recommenda- 
tion of the Committee on Prize Awards, 
namely, that a Special Prize be given 
to Prof. John B. Babcock, 3d, Past 
President of the Society, for his ad- 
mirable historical and biographical 
address entitled ‘‘The Boston Society 
of Civil Engineers and its Founder 
Members,” presented at the annual 
meeting, March 18, 1936. President 
Barrows, with great personal pleasure, 


presented the prize, which consisted of 
books: ‘Fifty Years of Boston,” a 
memorial volume issued in commemo- 
ration of the Tercentenary of 1930; 
“Elements of Railroad Engineering,” 
by W. G. Raymond, revised by Riggs 
and Sadler; and ‘Early History of 
Modern Civil Engineering,’’ by Kirby 
and Lawson. 

Professor Babcock, in accepting the 
prize, expressed his pleasure not only 
in being the recipient, but also referred 
to his enjoyment and interest in the 
research made in the preparation of the 
address. 


The Desmond FitzGerald Medal 


To Pror. ALBERT HAERTLEIN, MEMBER 


Presentation made by Ralph W. Horne, Chairman of Committee on Award 


The Desmond FitzGerald Medal was 
instituted and endowed in 1910 by the 
late Desmond FitzGerald, a Past Presi- 
dent and honorary member of this 
Society, and is awarded annually for 
a paper presented to the Society by a 
member, and published during the year, 


which is adjudged worthy of special 
commendation for its merit. The Com- 
mittee on Award this year, consisting of 
Frank A. Marston, Lewis E. Moore 
and Ralph W. Horne, selected from the 
list of a number of excellent papers one 
which was recommended to the Board of 
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Government for the award. The paper 
selected was entitled ‘‘The Design of 
Statically Indeterminate Trusses,’”’ by 
Prof. Albert Haertlein, member, pre- 
sented at a meeting of the Designers 
Section held on January 8, 1936, and 
published in the JOURNAL of the So- 
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ciety, April, 1936. On behalf of the © 
Board of Government Mr. Horne pre- 
sented the Desmond FitzGerald Medal 
to Professor Haertlein. 

Professor Haertlein expressed his 
appreciation of the honor bestowed upon 
him by the presentation of this medal. 


The Sanitary Section Prize 


To Atmon L. FALES, MEMBER 


Presentation by Ralph W. Horne, Chairman of Committee on Prize Awards ~ 


On behalf of the Board of Govern- 
ment, Past President Ralph W. Horne, 
Chairman of the Committee on Prize 
Awards, presented the prize to Almon 
L. Fales, member, for his paper entitled 
“Chemical Precipitation of Sewage and 
Industrial Wastes,’ read at a meeting 
of the Sanitary Section held on April 


1, 1936, and published in the October, 
1936, JoURNAL. The prize consisted of 
books: ‘Civil Engineers Handbook,”’ 
by Merriman, and ‘Handbook of 
Chemistry and Physics,” edited by 
Charles D. Hodgman. 

Mr. Fales accepted the prize with 
appropriate remarks. 


The Designers Section Prize 


To HERMAN G. DRESSER, MEMBER 


Presentation by Ralph W. Horne, Chairman of Committee on Prize Awards 


On behalf of the Board of Govern- 
ment, Past President Ralph W. Horne, 
Chairman of the Committee on Prize 
Awards, presented the prize to Herman 
G. Dresser, member, for his paper en- 
titled ‘‘Some Features of Sewer and 
Culvert Design,” read at a meeting of 
the Designers Section held on March 11, 
1936, and published in the October, 


1936, JoURNAL. The prize consisted of 
books: ‘‘Rahmenformeln,”’ by Klein- 
logel; ‘“‘Continuous Frames of Rein- 
forced Concrete,’’ by Cross and Mor- 
gan; and “Vibration Prevention in 
Engineering,”’ by Arthur L. Kimball. 

Mr. Dresser accepted the prize with 
appropriate remarks. 
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PROCEEDINGS OF THE SOCIETY 


MINUTES OF MEETINGS 


Boston Society of Civil Engineers 


JANUARY 27, 1937. — A regular meeting 
of the Boston Society of Civil Engineers 
was held this evening at North Hall, 
Walker Memorial, Massachusetts Insti- 
tute of Technology, and was called to 
order by the President, H. K. Barrows, 
at 7 P.M. Seventy-five members and 
guests were present. About 50 persons 
attended the supper in the cafeteria. 

The President announced the deaths of 
the following members: 

Philip D. Borden, elected a member 
March 15, 1882, died December 24, 1936; 
Edmund S. Davis, elected a member De- 
cember 18, 1878, died December 17, 1936; 
Luther Dean, elected a member June 17, 
1891, died January 9, 1937. 

The Secretary reported on the election 
of new members, on January 27, 1937, as 
follows: 

Grade of Junior: John B. Ledden. 

Grade of Student: John N. Squarebrigs. 

The President stated that at the previ- 
ous meeting of the Society, on December 
16, 1936, a vote was passed regarding the 
use of the current income of the Permanent 
Fund. A similar vote, final action, is 
necessary at this meeting. 

Voted, That the Board of Government 
be authorized to use the current income 
of the Permanent Fund in so far as neces- 
sary for current expenses of the Society. 

The President announced that the 
February meeting will be held on Friday 
the 19th, at the New Lecture Hall, Har- 
vard University. 

Mr. A. B. Edwards, reporting for the 
B. S. C. E. Committee on Membership 
and Publicity, outlined the drive for mem- 
bership in this Society and urged members 
to invite engineers to join. 

The President stated that this meeting 
is a joint meeting with the Highway Sec- 


tion of B. S. C. E. and with the Engineer- 
ing Societies of New England. He there- 
fore requested Prof. Henry B. Alvord, 
Chairman of the Highway Section, to 
take charge of the meeting. Professor 
Alvord then introduced the speaker of the 
evening, Mr. Charles M. Noble, of the 
staff of the Port of New York Authority, 
who gave an interesting and illustrated 
talk on ‘‘The Factor of Safety in High- 
way Design.” 

This paper outlined the fundamental 
problems facing highway engineers today 
because of the rapid increase in speed of 
modern automobiles. In view of the fact 
that the pioneering era of highway devel- 
opment has closed, more searching proc- 
esses of thought will be required in the 
further advance of highway design. Some 
of the problems of design of the Midtown 
Hudson Tunnel and approaches being con- 
structed by the Port of New York Author- 
ity were discussed. 

Brief discussion of the paper was given 
by Mr. Maxwell Halsey of Harvard Uni- 
versity, Prof. H. B. Breed, Prof. Ax Je 
Bone of Massachusetts Institute of Tech- 
nology, Edgar F. Copell, Traffic Engineer, 
Massachusetts Department of Public 
Works, and others. 

The meeting adjourned at 9.45 P.M. 

Everett N. Hutcuins, Secretary. 


FEepruary 19, 1937. — A regular meet- 
ing of the Boston Society of Civil Engi- 
neers was held this evening at the New 
Lecture Hall, Harvard University, Cam- 
bridge, and was called to order by the 
President, H. K. Barrows. This was a 
joint meeting with the Northeastern Sec- 
tion of the American Society of Civil 
Engineers and the Student Chapters, 
Aus. GE. <ats Harvard, Massachusetts 
Institute of Technology and Tufts Col- 
lege, and the Northeastern University 


158 


Section of B. S. C. E. The meeting was 
attended by 950 members and guests. 
About 100 persons attended the dinner 
at the Harvard Faculty Club previous to 
the meeting. 

The following was elected to member- 
ship at the meeting of the Board of Gov- 
ernment today: 

Grade of Student: John C. Finn. 

The President introduced the speaker 
of the evening, Mr. Charles F. Goodrich, 
Chief Engineer of the American Bridge 
Company, who gave a very interesting 
talk on ‘‘The San Francisco—-Oakland Bay 
Bridge.”’ This bridge, opened to traffic on 
November 12, 1936, is the greatest bridge 
in the world for several reasons: its cost, 
$77,000,000; its total length, 814 miles, 
41% miles of which are over water; its 51 
piers, six of which are deeper than any 
other piers in the world; its tunnel through 
Yerba Buena Island, with the largest bore 
in the world (52 feet by 65 feet); and its 
200,000 tons of steel and 1,000,000 cubic 
yards of concrete. 

The bridge includes the only large twin 
suspension bridge ever built, and the long- 
est and heaviest cantilever bridge in the 
United States and third longest in the 
world. It is a double-deck structure pro- 
viding for six lanes of pleasure automo- 
biles on the upper roadway and three lanes 
on the lower roadway. There is enough 
wire in the cables of the suspension bridge 
to reach three times around the earth. It 
is estimated that 52,000,000 persons will 
cross this bridge in 1937. 

The talk was illustrated with sound 
motion pictures describing the building of 
this great structure. 

The meeting adjourned at 10 p.m. 

Joun B. BAscock, Secretary pro tem. 


Marcu 17, 1937.— The  eighty-ninth 
annual meeting of the Boston Society of 
Civil Engineers was held today at the 
Boston Chamber of Commerce, and was 
called to order at 5 p.m. by the President, 
H. K. Barrows. 

The minutes of all previous meetings of 
the year which have been printed in the 
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various issues of the JOURNAL were ap- 
proved as printed. 

The Secretary reported the election of 
the following new members: 

Grade of Member: Milton J. Adams, 
John S. Brinkler, Timothy F. Creedon,* 
John P. Cronin, Philip Dixon, John L. 
Elliott, Emil A. Gramstorff, Henry A. 
Hamilton,* Carl A. Held, Richard W. 
Johnson, Francis M. Mahard, A. Albert 
Minichiello,* William T. Morrissey, Ber- 
nard J. Parker, Herman C. Protze, Her- 
man J. Shea, Harald M. Westergaard. 

Grade of Junior: William A. Grady,f 
Wilfrid C. Pitts. 

Grade of Associate: Stuart Huckins. 

Grade of Student: Charles H. Fish. 

The annual reports of the Board of 
Government, Treasurer, Secretary and 
Auditors were presented. Reports were 
also made by the following committees: 
Social Activities, Relation of Sections to 
Main Society, Welfare, Membership and 
Publicity, Library, Run-off (final report), 
1936 Floods, and John R. Freeman Fund. 

Voted, That the reports be accepted with 
thanks and placed on file, and that they 
be printed in the April, 1937, JouRNAL. 

Voted, That the incoming Board of 
Government be authorized to appoint 
such committees as it deems desirable. 

The report of the Tellers of Election, 
Walton H. Sears and Edward S. Averell, 
was presented, and in accordance there- 
with the President declared the following 
had been elected officers for the ensuing 
year: 


President — Arthur D. Weston. 

Vice-President (for two years) — Prof. 
Gordon M. Fair. 

Secretary — Everett N. Hutchins. 

Treasurer — Charles R. Main. 

Directors (for two years) — Carroll A. 
Farwell, Howard M. Turner. 

Members of Nominating Committee (for 
two years) — George C. Houser, Henry 
B. Alvord, Albert E. Kleinert. 


The retiring President then delivered his 
annual address on ‘‘A Study of the Effect 
of Temperature upon Different Reactions 
and Processes.” 


* Transfer from Grade of Junior. 


{ Transfer from Grade of Student. 
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Sixty-five members attended this part 
of the meeting. 

The meeting adjourned to assemble at 
7.30 p.m., the annual dinner being held 
during the interim. A musical entertain- 
ment was given during the dinner period. 

The President then called the meeting 
to order for the presentation of prizes. 

The President, referring to the excep- 
tionally fine biographical and _ historical 
paper on “The Boston Society of Civil 
Engineers and its Founder Members,” 
given as the Presidential Address at the 
annual meeting, March 18, 1936, by Prof. 
John B. Babcock, 3d, presented a special 
prize to the author. The prize consisted 
of books: ‘‘Fifty Years of Boston,’”’ a me- 
morial volume issued in commemoration of 
the Tercentenary of 1930; ‘‘Early History 
of Modern Civil Engineering,” by Kirby 
and Lawson; and ‘‘Elements of Railroad 
Engineering,’ by W. G. Raymond, re- 
vised by Riggs and Sadler. 

The President then called upon Past 
President Ralph W. Horne, Chairman of 
the Committee on Award of the Desmond 
FitzGerald Medal, to present this prize 
to Prof. Albert Haertlein, member, for his 
paper on ‘‘The Design of Statically Inde- 
terminate Trusses,’ presented at a meet- 
ing of the Designers Section on January 8, 
1936, and published in the JOURNAL for 
April, 1936. 

Also Mr. Horne presented the Sanitary 
Section prize to Almon L. Fales, member, 
for his paper on ‘‘Chemical Precipitation 
of Industrial Wastes,’ presented at a 
meeting of the Sanitary Section on April 
1, 1936, and published in the October, 
1936, JouRNAL. The prize consisted of 
books: ‘Civil Engineers Handbook,” by 
Merriman and Wiggin, and ‘Handbook 
of Chemistry and Physics,” edited by 
‘Charles D. Hodgman, M.S. 

Also Mr. Horne presented the Designers 
Section prize to Herman G. Dresser, 
member, for his paper on ‘‘Some Features 
cof Sewer and Culvert Design,” given at a 
meeting of the Designers Section on 
March 11, 1936, and published in the 
‘October, 1936, JouRNAL. The prize con- 
sisted of books: “Rahmenformeln,”’ by 
Kleinlogel; ‘Continuous Frames of Rein- 
forced Concrete,’ by Cross and Morgan; 
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and ‘Vibration Prevention in Engineer- 
ing,’’ by Arthur L. Kimball. 

President Barrows stated that the 
newly elected President, Arthur D. Wes- 
ton, is recuperating from an illness and 
was unable to attend this meeting. His 
mention of the sterling qualities of the 
new President occasioned a hearty and 
long applause. 

The President introduced the speaker 
of the evening, Lieutenant-Commander 
C. F. Grisham, United States Submarine 
Base, New London, Connecticut, who 
gave an extremely thrilling and interesting 
account of his personal experiences as a 
part of his talk on “The Narrative of the 
Loss of the United States Submarine S-5 
off the Delaware Coast, September 1, 
1920.” 

Ninety-one members and guests at- 
tended the dinner. 

The meeting adjourned at 9.15 P.M. 

Everett N. Hurcuins, Secretary. 


Sanitary Section 


Fepruary 17, 1937. —A special meet- 
ing of the Sanitary Section of the Boston 
Society of Civil Engineers was held 
Wednesday, February 17, 1937. Preced- 
ing the meeting, 25 members assembled 
at Patten’s Restaurant, Court Street, Bos- 
ton, for dinner. 

The meeting was called to order by the 
Chairman, Paul Howard, at 7.15 P.M. in 
the Society rooms, with 51 members and 
guests present. A nominating committee 
was chosen for the selection of officers to 
be elected at the annual meeting. Samuel 
M. Ellsworth presented a paper on “Water 
Sanitation and the Planning Movement,” 
‘n which he outlined the principles of na- 
tional, state and municipal planning or- 
ganizations and their relation to sanitary 
engineering. An interesting discussion 
followed. 

The meeting adjourned at 8.15 P.M. 

Ratpu M. Soute, Clerk. 


Marcu 3, 1937. — The annual meeting 
of the Sanitary Section of the Boston So- 
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ciety of Civil Engineers was held March 3, 
1937. Preceding the meeting 23 members 
gathered at Patten’s Restaurant for din- 
ner. 

The meeting was called to order by 
Chairman Howard at 7 P.M. in the Society 
Rooms, with 69 members and guests 
present. 

The report of the Executive Committee 
for the past year was read and accepted. 

The report of the Nominating Commit- 
tee presenting nominations for officers for 
the coming year was submitted, as fol- 
lows: 


Chairman — Richard S. Holmgren. 

Vice-Chairman — Samuel M. Ellsworth. 

Clerk — Ralph M. Soule. 

Executive Committee — Paul F. Howard, 
Gail P. Edwards, Lester C. Hollis. 


No further nominations were made, and 
it was — 

Voted, That the Clerk cast one ballot for 
the election of officers as named by the 
Nominating Committee. 

Experiences during the recent Ohio 
River flood were related by E. Sherman 
Chase of Metcalf & Eddy, consulting en- 
gineers, and Dr. Gail P. Edwards and 
Arthur V. Harrington of the Massachu- 
setts Department of Public Health. In- 
formation prepared by John F. McVey, 
Jr., of the Department of Public Health 
was presented by the Clerk of the section. 
After a short discussion, the meeting ad- 
journed at 9.15 P.M. 

RateH M. Soute, Clerk. 


Designers Section 


FEBRUARY 10, 1937.—A meeting of 
the Designers Section was held at the So- 
ciety rooms this evening and was called 
to order at 6.35 P.M. 

The minutes of the January meeting 
were read and approved. 

The Vice-Chairman, Mr. Herman A. 
Dresser, called the attention of the mem- 
bers to the matter of increasing member- 
ship in the Society, and also in this Sec- 
tion, and suggested that the members 
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obtain and circulate membership applica- 
tion blanks of which the Society has a 
supply. 

The Chairman reminded the members 
of the joint meeting of the B. S. C. E. and 
the Northeastern Section, A. S. C. E., 
Student Chapters, to be held February 19, 
1937, and also announced the date of 
March 10, 1937, for the next Section meet- 
ing, which will consider the use of alumi- 
num in structural design. 

The Chairman then introduced the 
speaker, Prof. Dean Peabody, Massachu- 
setts Institute of Technology, who spoke 
on the subject, ‘‘ The Effect of the Ameri- 
can Concrete Institute's Reinforced Con- 
crete Column Tests on Design.’ Pro- 
fessor Peabody described the comprehen- 
sive series of tests which have been made 
by the American Concrete Institute at the 
University of Illinois and at Lehigh Uni- 
versity, and discussed the report of the 
committee, and its probable recommenda- 
tions. This research has been confined to 
round columns with longitudinal steel, 
and tied with hoops and also with spirals. 

The talk was illustrated with diagrams 
exhibited on the screen and a discussion 
period followed. 

The meeting adjourned at 7.50 P.M., 
with an attendance of 40. 

Respectfully submitted, 
ANTHONY S. Coomss, Clerk. 


Marcu 10, 1937. — The annual meet- 
ing of the Designers Section was held at 
the Society rooms on March 10, 1937, at 
6.40 P.M. 

The report of the February meeting was 
read and approved, and the annual report 
of the Executive Committee for the past 
year was also read and approved. 

The Chairman then called for the report 
of the Nominating Committee, which was 
presented, and which is filed with the 
records. 

The Chairman called for further nomi- 
nations from the floor, and there being 
none, it was voted that the Clerk cast one 
ballot for the nominees as presented by the 
Nominating Committee. 


ent 
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The Clerk cast one ballot for these 
nominees, as follows, and they were de- 
clared unanimously elected: 


Chairman — Herman Dresser. 

Vice-Chairman — Anthony Coombs. 

Clerk — Donald T. Mitsch. 

Executive Committee — Kimball Gar- 
land, A. E. Kleinert, Robinson Abbott. 


The Chairman then introduced the 


speaker, Mr. B. J. Fletcher, Engineer in’ 


the Development Division of the Alumi- 
num Company of America, New Kensing- 
ton, Pennsylvania, who spoke on the sub- 
ject ‘‘Recent Examples of the Design of 
Aluminum Alloy Structures.” The talk 
was illustrated and treated of the uses and 
advantages of aluminum alloy structures, 
where weight saving is the controlling 
factor, and dealt particularly with exca- 
vating machinery booms and dippers, and 
also of light-weight bridge floors. Another 
important field for this alloy is for movable 
dams, where lightness and ease of handling 
are of more importance than first cost. 

Mr. Fletcher answered numerous ques- 
tions at the close of his talk, and at the 
conclusion of the meeting was tendered a 
rising vote of thanks. 

The meeting adjourned at 8.15 P.M. 
with an attendance of 35. 

Respectfully submitted, 
AntHony S. Coomss, Clerk. 


Highway Section 


January 27, 1937. — A meeting of the 
Highway Section of the Boston Society of 
Civil Engineers was held in conjunction 
with a meeting of the entire membership 
of the Boston Society of Civil Engineers on 
January 27, 1937, in the North Hall of 
Walker Memorial Building of the Mas- 
sachusetts Institute of Technology. The 
meeting was called to order at Feel 
by the President of the Boston Society of 
Civil Engineers, Prof. Harold K. Barrows, 
who turned the meeting over to Prof. 
Henry B. Alvord, Chairman of the High- 
way Section, who introduced the speaker 
of the evening Mr. Charles R. Noble of 
the Port of New York Authority, who 


presented a paper on the subject, ‘‘The 
Design of Modern Express Highways from 
the Standpoint of Safety.”’ 

The paper was discussed by Professors 
Charles B. Breed and A. J. Bone and 
Messrs. Copell and Halsey. 

A rising vote of thanks was tendered the 
speaker. 

The meeting was adjourned at 9.50 p.m. 

The attendance was 75. 

Respectfully submitted, 
T. C. CoLEeMAN, Clerk. 


FEBRUARY 24, 1937. — A meeting of the 
Highway Section of the Boston Society of 
Civil Engineers was held in the Society 
rooms, 715 Tremont Temple, on Wednes- 
day, February 24, 1937. The meeting was 
called to order at 7.30 p.m. by the Chair- 
man, Prof. Henry B. Alvord. 

The first business considered was the 
matter of election of officers for the com- 
ing year. A motion was made and passed 
that the Chairman appoint a Nominating 
Committee of three to present names of 
candidates for office for the coming year. 
The Chairman appointed Albert E. Klein- 
ert, George A. Graves and John B. Bab- 
cock as a Nominating Committee. 

The minutes of the previous meeting 
were read and accepted with slight 
changes. 

The report of the Nominating Com- 
mittee was then presented, offering the 
following candidates: 


Chairman — A. J. Bone. 

Vice-Chairman — T. C. Coleman. 

Clerk — Thomas Giblin. 

Executive Committee — Henry B. Al- 
vord, George A. Graves, W. P. Morse. 


A motion was made and carried that the 
nominations be closed. A motion was 
made and carried that the clerk cast one 
ballot for the officers as submitted by the 
Nominating Committee. This was done 
and the candidates named were declared 
elected. 

The Chairman introduced the speaker 
of the evening, Prof. Charles B. Breed of 
the Massachusetts Institute of Tech- 
nology, who presented a paper on the 
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subject, ‘Causes and Control of Defects 
in Cement Concrete Pavements.”’ 

The speaker, displaying slides to illus- 
trate his points, called the attention of his 
audience to the wide variation in the re- 
sults of tests on different samples of con- 
crete taken under similar conditions, and 
emphasized the necessity of uniformity of 
product. He mentioned the difficulty of 
securing uniformity of aggregate, and 
recommended that resident engineers be 
equipped with the necessary authority to 
correct for varying aggregate before work 
has progressed far enough to cause 
damage. 

The speaker showed the correct and 
incorrect use of machinery to place the 
concrete, and spoke of the precautions to 
be taken to avoid the separation of the 
aggregate during the process. He also 
demonstrated the methods of finishing the 
surface and the joints in order to avoid 
the defects that are more or less common 
at these points. 

He also spoke of the use of calcium 
chloride and its effect on the surface. 
Slides were displayed showing various 
kinds and degrees of failure of concrete 
pavements produced by the different 
causes. 

Following the presentation of the paper 
there was an interesting discussion of the 
points raised. 

The speaker was accorded a rising vote 
of thanks. The meeting adjourned at 
9.30 P.M. 

Respectfully submitted, 
T. C. CoLEMAN, Clerk. 


Northeastern University Section 


FEBRUARY 25, 1937.—The North- 
eastern University Section of the Boston 
Society of Civil Engineers held a regular 
meeting in Room 18—H, Huntington Build- 
ing. Twenty-seven members and guests 
were present, and 11 attended the dinner 
at Child’s Old France Restaurant. 

The meeting was called to order at 7.30 
p.M. by the Chairman, G. Luther Cheney, 
and the minutes of the October meeting 
were read and approved. A Nominating 
Committee to act upon Division A officers 
for the coming year was appointed, as 
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follows: Lawrence M. Peterson, Alfonso 
M. Cavaliere and Harold E. Cobb. 

Mr. J. Stuart Crandall, President of the 
Crandall Dry Dock Engineers, spoke on 
‘Pile Foundations.’’ Various load condi- 
tions, with the effect on the several types 
of piles, together with the resulting earth 
effects, were discussed by the speaker. 
A very interesting portion of the talk 
consisted in the detailed explanation of 
the two existing pile formule, namely, the 
Engineering News Record and the Hiley 
formulas. 

After a short group discussion, follow- 
ing the speaker’s address, the meeting 
adjourned at 9.30 P.M. 

RosBert Wm. SmiTH, Clerk. 


Marcu 11, 1937. — The Northeastern 
University Section of the Boston Society 
of Civil Engineers held a special business 
meeting in Room 201-L, Laboratory 
Building, and 28 were present. 

The meeting was called to order at 12.05 
p.M. by a member, A. M. Cavaliere. At 
this time an election of officers was held. 
Those men elected for the coming year 
in Division A are as follows: 


Chairman — Chesley F. Garland. 

Clerk — Harold E. Sanford. 

Executive Committee — Charles H. Fish 
and Arthur E. Gibson. 


The meeting adjourned at 12.45 P.M., 
after a short discussion. 
ROBERT Wm. SMITH, Clerk. 


APPLICATIONS FOR 
MEMBERSHIP 


[May 1, 1937] 


THE By-Laws provide that the Board 
of Government shall consider applications 
for membership with reference to the 
eligibility of each candidate for admission 
and shall determine the proper grade of 
membership to which he is entitled. 

The Board must depend largely upon 
the members of the Society for the infor- 
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mation which will enable it to arrive at a 
just conclusion. Every member is there- 
fore urged to communicate promptly any 
facts in relation to the personal character 
or professional reputation and experience 
of the candidates which will assist the 
Board in its consideration. Communica- 
tions relating to applicants are considered 
by the Board as strictly confidential. 

The fact that applicants give the names 
of certain members as reference does not 
necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not con- 
sider applications until the expiration of 
fifteen (15) days from the date given. 


For Admission. 


AnpErson, Paut N., Worcester, Mass. 
(Age 28, b. Worcester, Mass.) In 1929-30, 
detailer and supervisor with G. Adolph 
Johnson, architect, Worcester; 1930-31, 
chief construction engineer, Wahl Con- 
struction Company, Chicago, on new 
Worcester Post Office and Court House; 
1931-32, estimator and supervisor with 
August Scott, contractor, Worcester; also 
chief layout engineer and assistant to 
chief engineer on Worcester Municipal 
Memorial Auditorium, George A. Fuller 
Construction Company; 1932-33, 1933- 
34, 1934-35, city of Worcester engineer- 
ing department, (1) as chief of party in 
field on block survey of city; (2) chief 
of party, director of squad and inspector 
of street construction; (3) senior engi- 
neer, in charge of all field work mapping, 
zoning and studying street conditions; 
1935-36, observer on traverse and tri- 
angulation survey in Worcester County; 
1936-37, senior engineer on the Blackstone 
Valley rehabilitation project, town map- 
ping and survey of mills, also in charge of 
field parties on projects for flood control 
in the watershed area of the Blackstone 
River, for the State Planning Board, Bos- 
ton. Refers to C. M. Allen, A. W. French, 
J. W. Howe, R. A. Marble, E. A. Taylor. 

BeNnForD, WILLiAM R., North Provi- 
dence, R.I. (Age 35, b. Providence, R. I.) 


Graduate of Brown University, 1927, 
S.B. in engineering; 1927-35, instructor in 
also 


civil engineering, Brown University; 
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during same period, associated with 
Leighton T. Bohl on general practice, 
including surveying, plot development, 
design and supervision of structures, test- 
ing of materials, and employed by various 
architects as draftsman and superintend- 
ent of construction; 1935 to date, assist- 
ant professor of civil engineering, Brown 
University. Refers to A. Casagrande, 
G. M. Fair, A. Haertlein, F. E. Winsor. 

Dietz, ALBERT GEORGE, Boston, Mass. 
(Age 29, b. Lorain, Ohio.) Liberal arts 
course, Miami University, Oxford, Ohio, 
1926-29, mathematics and German; 1929- 
32, at Massachusetts Institute of Tech- 
nology, degree of B.S. in building construc- 
tion: 1932, Massachusetts Institute of 
Technology; also in 1930, A.B. degree 
awarded by Miami University; 1936, de- 
gree of M.S. at Massachusetts Institute of 
Technology; 1932-33, construction work 
and in steel mills, National Tube Com- 
pany; 1934-36, assistant, and 1936 to 
date, instructor in building construction, 
department of civil engineering, Massa- 
chusetts Institute of Technology. Refers 
to C. B. Breed, D. Peabody, K. C. Rey- 
nolds, W. C. Voss. 

Epwarps, LILLIAN F., South Orleans, 
Mass. (Age 28, b. Orleans, Mass.) 
Graduated from Orleans High School in 
1927 with honors; special tutoring in 
higher mathematics. About ten years of 
theoretical and practical experience in 
office of Arthur L. Sparrow, civil engineer, 
Orleans, Mass., making computations, 
plans and tracings; also as head of survey 
party in making Land Court and topo- 
graphical surveys, subdivisions, highway 
layouts, etc. At present an assistant, 
employed by Arthur L. Sparrow. Refers 
to N. Bearse, W. C. Hawley, C. B. Hum- 
phrey, A. L. Sparrow. 

ENEBUSKE, VIKING, Boston, Mass. 
(Age 46, b. Cambridge, Mass.) Gradu- 
ated, 1915, from Massachusetts Institute 
of Technology; S.B. degree in civil 
engineering; July, 1915, to April, 1916, 
junior assistant engineer, Public Service 
Commission of New York, on field work 
on East River tunnels: April, 1916, to 
October, 1917, draftsman and assistant 
engineer, Pittsburgh Des Moines Steel 
Company, Pittsburgh, Pa.; October, 1917, 
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to August, 1919, United States Army war 
service; August, 1919, to October, 1923, 
assistant engineer, Foundation Company 
of New York, at the Pittsburgh district 
office, on structural design and estimates 
of cost; January, 1924, to August, 1924, 
concrete designer, Dwight P. Robinson 
. Company, New York City; August, 1924, 

to October, 1925, assistant estimator, 
White Construction Company, New York 
City; October, 1925, to September, 1931, 
assistant engineer, Guggenheim Brothers, 
New York City, in charge of estimates on 
nitrate development projects in Chile, 
South America; February to March, 
1932, inspections and engineering reports 
for department of industrial research, 
Massachusetts Institute of Technology, 
_ covering municipal buildings in Cam- 
bridge, Mass.; November to December, 
1933, assistant engineer, Guggenheim 
Brothers, New York City; October to 
December, 1936, structural designer with 
Le Roy M. Hersum, consulting engineer, 
Boston; December, 1936, to date, struc- 
tural designer, Stone & Webster Engineer- 
ing Corporation, Boston, Mass. Refers 
to H. G. Dresser, L. M. Hersum, E. A. 
Norwood, J. R. Worcester. 

Hooper, LEsLtrE JAMEs, Holden, Mass. 
(Age 34, b. Essex, Mass.) Education, 
public schools, Millbury, Mass.; gradu- 
ated from Worcester Polytechnic Insti- 
tute, degree of B.S. in mechanical engi- 
neering in 1924, and degree of mechanical 
engineer in 1928. During three years fol- 
lowing graduation in employ of Canadian 
and General Finance Company, Ltd., as 
hydraulic testing engineer on various 
Brazilian properties, including field tests 
of waterwheels, penstocks and governors. 
Since 1927 employed by Prof. C. M. 
Allen on field and laboratory work, in- 
cluding principally salt velocity tests and 
hydrometer tests of waterwheels, cali- 
bration of hydraulic instruments and 
model tests. Since 1932 instructor at 
Worcester Polytechnic Institute. From 
1934 to date, John R. Freeman Scholar, 
Boston Society of Civil Engineers. Author 
of various papers on hydraulic subjects. 
Refers to C. M. Allen. C. R. Bliss, A. W. 
French, J. W. Howe, C. T. Main. 

LeGRo,’ HAROLD WILFRED, Peabody, 


Mass. (Age 49, b. Lynn, Mass.) Gradu- 
ated from Lynn English High School, 
1907. Employed as rodman, engineering 
department, Boston & Maine Railroad. 
beginning 1909; served as transitman and 
instrumentman until 1918, on various 
railroad projects, including double track 


and engine terminal construction, ballast-. 


ing programs, and other maintenance 
engineering; 1918-21, assistant track 
supervisor on maintenance of way work; 
1921-28, assistant division engineer in 
charge of engineering design in part and 
layout of divisional maintenance of way 
projects; until the present, industrial en- 
gineer, Boston & Maine Railroad, handling 
engineering matters in connection with 
industrial developments; member of 
American Railway Engineering Associa- 
tion since 1926, and Chairman of sub- 
committee on properties of earth materials 
of the Roadway Committee, since 1932. 
Refers to W. J. Backes, W. F. Cummings, 
B. W. Guppy, A. Haertlein. 

MacponaLp, WALTER F., Wollaston, 
Mass. (Age 50, b. East Boston, Mass.) 
Education, Boston public schools, Me- 
chanic Arts High School, Franklin Union 
and Boston evening schools. Employed 
twenty-nine years by Chas. T. Main, Inc., 
as draftsman, inspector and resident en- 
gineer on mills, dams, hydro-electric sta- 
tions and steam power plants; at present 
in general contracting business, under 
name of Vappi & Macdonald Company, 
Inc., Cambridge, Mass. Refers to F. M. 
Gunby, C. R. Main, C. T. Main, H. E. 
Sawtell, W. F. Uhl. 

MARBLE, ALDEN SHAILER, Fitchburg, 
Mass. (Age 30, b. Estancia, New Mexico.) 
Education, two and a half years (non- 
technical), at Antioch College, Ohio, leav- 
ing in 1924, followed by individual study 
of technical subjects; 1926-30, on con- 
struction work with Western Union Tele- 
graph Company, headquarters at Cleve- 
land and Chicago; then three years’ gen- 
eral engineering experience with Parker, 
Bateman & Chase (now R. A. Marble), 
Fitchburg, Mass., including duties as 
transitman, chief of party, drafting com- 
putations and design (1931-33, inclusive); 
October, 1933, to March, 1934, as chief 
of party on layout of streets, buildings and 
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miscellaneous construction at Fort Dev- 
ens, Mass., under Construction Quarter- 
master; April, 1934, to November, 1934, 
with Parker, Bateman & Chase; Decem- 
ber, 1934, to December, 1935, with Fitch- 
burg City Planning Board, on design, 
layout and inspection; January, 1936, to 
date, with engineering division, Depart- 
ment of Public Works, Fitchburg, Mass., 
transitman, conducting field party, de- 
signer of bridges and other construction 
work connected with city engineering 
office. Refers to H. B. Allen, E. Jacoby, 
R. A. Marble, C. E. Pethybridge. 

PARKER, FRANKLIN PEABODY, Welles- 
ley Hills, Mass. (Age 23, b. Salt Lake 
City, Utah.) Graduated from Massa- 
chusetts Institute of Technology, degree 
of B.S. in architectural engineering, 1936. 
At present with Chas. T. Main., Inc. Re- 
fers to F. M. Gunby, L. G. Ropes, T. H. 
Safford, W. F. Uhl. 

Swartz, Hermon S., Newton, Mass. 
(Age 32, b. Newton, Mass.) Graduated 
from Newton High School, 1923, and from 
Massachusetts Institute of Technology in 
1929; 1923-29, part time, T. Stuart & 
Son Company; 1929-34, engineer with 
Patrick McGovern, Inc., New York City; 
1935, with American Oil Company; 1936- 
37, Editor of ‘“New England Construc- 
tion.” Refers to J. B. Babcock, M. N. 
Clair, C. A. Farwell, C. M. Spofford. 

Wicern, Davin CHaArRLEs, JR., Cam- 
bridge, Mass. (Age 23, b. Peabody, 
Mass.) Graduated from Tufts College, 
degree of B.S. in civil engineering, in 1935; 
and M.S. in sanitary engineering at Har- 
vard in 1936. At present, assistant in 
sanitary engineering department, Harvard 
University, Cambridge, Mass. Refers to 


H. P. Burden, G. M. Fair, A. Haertlein, . 


F, N. Weaver. 


For Transfer from Grade of Junior 


Frost, DANIEL CARTER, Bloomfield, 
N. J. (Age 33, b. Holliston, Mass.) 
Graduated from Northeastern University, 
degree of B.C.E. in 1926; degree of C.E., 
1928, Thayer School of Civil Engineering, 
Dartmouth College; 1926-27, Massachu- 
setts Department of Public Works, in- 
spector and transitman; May, 1928, to 


September, 1928, chief of party, Vermont 
State Highway Department on relocation 
of flooded main highways; winter of 
1928-29, teacher of mathematics, Burling- 
ton, Vt., high school; summer of 1929, 
Pittsburgh Des Moines Steel Company, 
Pittsburgh, draftsman and detailer; Sep- 
tember, 1929, to February, 1931, instructor 
in surveying and mathematics at Beloit 
College, Beloit, Wis.; February, 1931, to 
June, 1936, at Patterson East Side High 
School, teaching in department of mathe- 
matics and drafting; September, 1936, to 
date, at Newark College of Engineering, 
Newark, N..J., instructor in civil engineer- 
ing; also from September, 1931, to date, 
teacher in mechanics and mathematics, 
Newark Technical School, evening school, 
Newark, N. J. Refers to H. B. Alvord, 
C. S. Ell, F. F. Hampe, J. M. Robbins. 

Maccario, CHARLES Victor, Malden, 
Mass. (Age 28, b. Boston, Mass.) Gradu- 
ated from Malden High School, 1927; 
graduated from Northeastern University, 
degree B.C.E., in 1931, and B.S. in 1932. 
While at Northeastern University, co- 
operative periods, was transitman and 
draftsman, with H. Richardson, highway 
surveyor, Harwich and Brewster, Mass. ; 
transitman and inspector, town of Swamp- 
scott, Mass.; transitman and chief of 
party, Department of Public Works, 
Melrose, Mass.; 1933-34, assistant engi- 
neer, city engineering department, Mal- 
den, Mass.; 1934 to date, estimator and 
supervisor of construction with G. Mac- 
cario & Sons, civil engineers and contrac 
tors, Malden, Mass. Refers to Veh, sey, 
Alvord, C. O. Baird, Jr., C. S. Ell, A. E. 
Everett, Jr., E. J. O'Connor. 

VERNER, ROBERT HENRY, Memphis, 
Tenn. (Age 30, b. Erving, Mass.) Gradu- 
ated from Northeastern University, degree 
of B.C.E. in 1931. During co-operative 
periods at Northeastern University, 1928- 
31, rodman, transitman and draftsman; 
1931 to date, with United States Eng- 
ineers at Memphis, Tenn., as inspector 
on levee construction and dredging oper- 
ations, and resident engineer on channel 
improvement project; at present, in office, 
planning and estimating dredging work. 
Refers to H. B. Alvord, C. O. Baird, 
Jr., A. E. Everett, Jr., E. N. Hutchins. 


166 


Transfer from Grade of Student 


Gate, Howarp E., Jr., Dorchester, 
Mass. (Age 29, b. Somerville, Mass.) 
Graduated from Northeastern University, 
1936. From 1926 to 1931, drafting, with 
Hunt-Spiller Manufacturing Company; 
1935-36, drafting and transitman, New 
England Survey Service; 1936 to date, 
junior engineering aid, Metropolitan Dis- 
trict Water Supply Commission. Refers 
to H. B. Alvord, C. O. Baird, Jr., L. M. 
Clark, A. E. Everett, Jr. 

REDFIELD, WiLLiAM A., Middletown, 
N. Y. (Age 27, b. Bloomingburg, N. Y.) 
Graduated from Northeastern Univer- 
sity, degree of B.S. in civil engineering, 
1936; surveying at various times, total 
of five years, with Harry C. Carpenter, 
civil engineer, Middletown, N. Y.; au- 
tumn of 1932, on boundary survey, city of 
Middletown, N. Y.; six months, summer 
of 1934, on construction and maintenance 
department, Colonial Beacon Oil Com- 
pany, Boston, Mass.; part of winter and 
all summer, 1935, under H. Eltinge Breed, 
in Highway Department, Orange County, 
New York; during junior year at North- 
eastern, junior field instructor; July to 
November, 1936, with North-Eastern 
Construction Company, New York City, 
at Roanoke, Va., on construction of 
Veterans Administration Facility build- 
ing, as field engineer, estimator, inspector 
and draftsman; at present with White 
Construction Company, New York City, 
at Northport, N. Y., as field engineer on 
construction of Veterans Administration 
Facility buildings. Refers to H. B. Al- 
NOL CCM OmDOU wai. Cao. As IE. 
Everett, Jr. 

ZACHER, ROBERT C., Irvington, N. J. 
(Age 35, b. Irvington, N. J.) Graduated 
from Merrill High School, Irvington, N. J., 
in 1932; graduated from Northeastern 
University in 1935. During summers of 
1931-35, employed by Zacher & Kurrle, 
Inc., builders, Newark, N. J.; May, 1935, 
to May, 1936, employed as estimator, 
detail drawing and general supervision; 
May, 1936, to date, with J. R. Steers, Inc., 
contracting engineers, New York City, or 
Newark, N. J., Pennsylvania Railroad 
improvements. Refers to H. B. Alvord, 
C. O. Baird, Jr., C. S. Ell, A. E. Everett, Jr. 
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ADDITIONS 


Members 


Mitton J. ApAms, 65 Edwin Street, At- 
lantic, Mass. 

Joun S. BRINKLER, 15 Goldthwait Street, 
Lynn, Mass. 

Joun P. Crontn, 79 Hillsdale Road, Med- 
ford, Mass. 

Puitie Drxon, 57 Intervale Street, Rox- 
bury, Mass. 

Joun L. Exxiott, 404 Waltham Street, 
West Newton, Mass. 

Emit A. GramstorFF, 19 Hilltop Avenue, 
Lexington, Mass. 

Cart A. HELp, 519 Church Street, Bound 
Brook, N. J. 

RicHARD W. JoHNson, 203 High Street, 
Newburyport, Mass. 

Francis M. MAHArD, 10 Parkman Street, 
Natick, Mass. 

WILLiAM T. Morrissey, 
Street, Dorchester, Mass. 

BERNARD J. PARKER, 334 Massachusetts 
Avenue, Boston, Mass. 

HerMAN G. ProtzeE, 76 Farquhar Street, 
Roslindale, Mass. 

HARALD M. WESTERGAARD, 33 Pinehurst 
Road, Belmont, Mass. 


1103 Morton 


Associate Member 


Stuart Hucxins, 33 Bancroft Road, 
Wellesley Hills, Mass. 


Junior 


Joun B. LEppEN, 74 Elizabeth Street, 
Fitchburg, Mass. 


Students 


ArnoLp B. Davis, 35 Pulsifer Street, 
Newtonville, Mass. 

Joun C. Frnn, 22 Dunreath Street, Rox- 
bury, Mass. 

CuarLes H. FisH, 38 Chester Avenue, 
Waltham, Mass. 

CHEsLEY F. GARLAND, 12 Lewis Road, 
Belmont, Mass. 

Joseru Hiceins, 6 Marshall Street, Re- 
vere, Mass. 

Joun M. SquaresricGs, 55 Vernon Street, 
Brookline, Mass. 

PETER R. VANDERSLOOT, 30 Cherry Place, 
West Newton, Mass. 
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PROCEEDINGS OF THE SOCIETY 


DEATHS 


GEORGE H. BRAZER . 
JoHn H. GREGORY 


April 20, 1937 
Jan, 18,1937 


BOOK REVIEW * 
“Theory of Continuous Structures and 


Arches, March, 1937, by Charles M. 
Spofford. McGraw-Hill Book Company, 
New York. 267 pages. Price, $3.50. 


The development and simplification of 
methods of stress analysis for statically in- 
determinate structures in recent years is 
one of the factors which has tended to 
overcome prejudice against the use of con- 
tinuous truss bridges in the United States. 
The author has been an advocate of con- 
tinuous bridges, and his faith in such 
structures is manifested by the number of 
large bridges of this type which have been 
built under his direction in the last few 
years. The book, therefore, has a solid 
practical basis. 

The book opens with a presentation of 
several methods for determining reactions 
in continuous beams or girders. There 
follows a detailed discussion of continu- 
ous truss analysis. Basic equations are 
developed and put in such form that the 
ensuing numerical work can be performed 
easily in a suggested tabulated form. Pre- 
paring influence tables for a continuous 
truss with about one hundred and fifty 
members ordinarily might seem a stagger- 
ing undertaking. The recommended tabu- 
lations tend to avoid confusion and to re- 
duce the labor. 

Effect of pier settlements and also 
cambering and erection adjustments are 
discussed. There is also a brief presenta- 
tion of statically determinate continuous 
trusses of the Wichert and Rhomboid 
types. 

The theory of arches, which comprises 
about 75 per cent of the book, is intro- 
duced by a chapter on the distribution 
of normal stress on the cross section of 
straight and curved bars. In the case of 
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straight bars a general theory of flexure is 
developed which is applicable to bars of 
non-symmetrical section. 

The historical sketch includes an inter- 
esting illustrated reference to recently ex- 
cavated brick arches which were built 
more than five thousand years ago. 

The arch theory deals chiefly with two- 
hinged and hingeless arches of the rib or 
solid web type. For the two-hinged para- 
bolic arch, formulas are developed for the 


- solution of specific problems, such as the 


location of the section of maximum bend- 
ing moment, the determination of the 
maximum stress at the quarter-point, and 
determination of the average axial thrust. 

In dealing with two-hinged segmental 
arches a precise method is used in which 
there is included the effect of curvature of 
the arch axis on the stress distribution 
over the cross section. Application of the 
resulting formulas is simplified by use of a 
table. The circular arch is not generally 
used in practice. However, the mathe- 
matical development shows what can be 
accomplished in the way of precise an- 
alysis, and affords a means of comparison 
with the results of approximate methods. 

Deflection of two-hinged and _three- 
hinged arches is treated in a manner 
probably not found elsewhere in English 
literature. 

The part on fixed-ended arches in- 
cludes a new treatment of continuous 
arches on elastic piers based on the 
method of least work. The solution in- 
volves equations which are used in a 
manner similar to that in which the 
three-moment equations are used for con- 
tinuous straight beams. 

A chapter on analysis of rigid frame 
bridges is included. 

Application of the theory is well illus- 
trated by numerical examples of a practi- 
cal nature. Each chapter ends with a 
number of problems and a bibliography. 
There are several illustrations, taken 
largely from structures designed by the 
author and his associates. The book is 
well arranged as a text, with excellent 
typography and paper, and should be 
useful also for reference. 


* By Eugene Mirabelli, Assistant Professor 0 
nology, Cambridge, Mass. 


f Structural Design, Massachusetts Institute of Tech- 
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Report of Board of Government for the Year 1936-37 


Boston, Mass., March 17, 1937. 
To the Boston Society of Civil Engineers: 


Pursuant to the requirements of the By-Laws, the Board of Government presents 
its report for the year ending March 17, 1937. 


Membership 


Eleven new members, 4 juniors, 1 associate and 23 students have been added 
during the year, and 6 members and 5 juniors have been reinstated, making a total 
addition of 50 members. 

During the year 14 members have died, 13 have resigned, 4 members have had 
dues remitted and resignations accepted, 58 members have been dropped for non- 
payment of dues, making a total deduction of 89. 

The present net membership of the Society consists of 5 honorary members, 601 
members, 75 juniors, 62 students, 9 associates, 1 member of Sanitary Section, making 
a total membership of 753, a net loss for the year of 39. 

The honorary membership list now is as follows: 


Charles T. Main, elected January 28, 1932. 

Dr. Karl T. Compton, elected February plone 
Prof. C. Frank Allen, elected March 16, 1932. 
Harrison P. Eddy, elected February 21, 1934. 
Joseph R. Worcester, elected February 21, 1934. 


Deaths 

Members: 
Charles H. Bartlett, March 1, 1937. 
Philip D. Borden, December 24, 1936. 
John C. Chase, April 15, 1936. 
Frank P. Cobb, September 23, 1936. 
Edmund S. Davis, December 17, 1936. 
Luther Dean, January 9, 1937. 
John H. Gregory, January 18, 1937. 
Frank S. Hart, July 11, 1936. 
Lewis M. Hastings, April 25, 1936. 
Edward H. Kitfield, June 26, 1936. 
Leon O. Norwood, June 26, 1936. 
Frank B. Rowell, May 31, 1936. 
Frank O. Whitney, May 13, 1936. 
James W. Woodhill, October 5, 1936. 
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Remission of Dues and Extension of Time 


The membership of the Society has been subject during recent years to the effects 
of the depression. During this period the Board of Government has granted a num- 
ber of members an extension of time for payment of dues and has remitted the dues 
of other members. With much regret the Board voted this year to drop from mem- 
bership those who had not paid their 1936 dues for which an extension had been 
granted. The Board has remitted dues and accepted resignations from 4 members. 
In the case of 3 members, dues for the year ending March 17, 1937, have been remitted. 

The Board has granted 30 members an extension of time for payment of dues for 
year ending March 17, 1937. 


Exemption of Dues 


Eighty-two members are now exempt from dues in accordance with By-Law 8, 
which provides that ‘‘a member of any grade who has paid dues for forty years, or 
who has reached the age of seventy years and has paid dues for thirty years, shall be 
exempt from further dues.” 


Meetings of the Society 


Eight regular meetings, since the annual meeting, have been held during the year. 
An excursion, held on June 26, 1936, attended jointly by members of the Society and 
by members of the International Conference on Soil Mechanics and Foundation Engi- 
neering, was made to the Ware and Swift River projects of the Metropolitan District 
Water Supply Commission. 

The November meeting was the Annual Student Night, attended by Student. 
Chapters, A. S. C. E., at Harvard, Massachusetts Institute of Technology, Tufts,. 
Brown and Rhode Island State College, and the Northeastern University Section, 
BS noes Coe 

The February meeting was a joint meeting with the Northeastern Section of the 
American Society of Civil Engineers and the Student Chapters, A. S. C. E., at Har- 
vard, Massachusetts Institute of Technology and Tufts, and the Northeastern Uni- 
versity Section, B.S. C. E. 

The total attendance at the eight meetings was 1,717 persons; the largest attend- 
ance was 950 and the smallest 50. Buffet suppers have been a feature of seven meet- 
ings and they were well attended. The papers and addresses given were as follows: 


March 18, 1936. — Annual meeting. Address of retiring President, John B. Bab- 
cock, 3d, ‘‘The Boston Society of Civil Engineers and its Founder Members,”’ followed 
by dinner, smoker and entertainment. 

_ April 15, 1936.— “The March, 1936, Flood,’”’ a symposium by H. B. Kinnison, 
District Engineer, Water Resources Branch, United States Geological Survey, Boston; 
Arthur T. Safford, Chief Engineer, and S. Stanley Kent, Assistant Engineer, both of 
Proprietors of Locks and Canals on Merrimack River, Lowell; Richard S. Holmgren, 
Chief Engineer, New Hampshire Water Resources Board, Concord, N. H.; Harry N. 
Nelson, Hydraulic Engineer, New England Power Engineering and Service Corpora- 
tion, Boston; A. W. Ladd, Hydraulic Engineer, Holyoke Water Power Company 
Holyoke, Mass. iz 


May 20, 1936. —‘‘A Fundamental Fallacy in’ Earth P ions,” 
Dei Tevaght i acy in Earth Pressure Computations, by 


June 26, 1936. — Joint Excursion of Boston Society of Civil Engineers and Mem- 
bers of the International Conference on Soil Mechanics and Foundation Engineering 
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(held at Harvard University) to the Ware and Swift Riv: j i 
District Water aang peeing er projects of the Metropolitan 

eptember 23, 1936. — ‘‘North Metropolitan Sewerage Problems,’’ by Joseph P 
Dever, Chief Engineer and Director, Sewer Division, Aaaeropolitait pcknee Cont 
mission. 

_ October 21, 1936. — “Rouses Point Bridge across Lake Champlain, between Rouses 
Point, New York, and Arlburg, Vermont; ” general description of project by Carroll A. 
Farwell; design of the bridge structure by H. J. Williams. : 

November 19, 1936. — ‘Exploratory Surveys along the Alaska-Yukon Boundary,”’ 
by Bradford Washburn, Instructor in Geographical Explorations at Harvard Univer- 
sity (Student Night). 

December 16, 1936. — ‘‘American Hydraulic Laboratory Practice,” by Leslie J. 
Hooper, Instructor in Hydraulic Engineering at the Alden Hydraulic Laboratory of 
Worcester Polytechnic Institute, Worcester, Mass. 

January 27, 1937. — ‘‘The Factor of Safety in Highway Design,” by Charles M. 
Noble, of the Staff of the Port of New York Authority (joint_with Highway Section 
and Student Chapters, A.S.C.E., and Northeastern University Section, B.S.C.E.). 

February 19, 1937. — ‘‘The San Francisco—Oakland Bay Bridge,”” by Charles F. 
Goodrich, Chief Engineer of the American Bridge Company. 


Sections 


Nineteen meetings were held by the Sections of the Society during the year. 
These meetings of the Sections, offering opportunity for less formal discussion, have 
continued to demonstrate their value to their members and to the Society. The 
variety of subjects presented has made an appeal to the members, as indicated by the 
general attendance at these meetings. 

Sanitary Section Meetings. — The Sanitary Section has held 4 meetings during 
the year, with an average attendance of 30. The papers and meetings are listed in 
the report of the executive committee. Present membership, 165. 

Designers Section Meetings. — The Designers Section has held 8 regular meetings 
during the year. The average attendance has been 56. The papers and meetings are 
listed in the report of the executive committee. Present membership 129. 

Highway Section Meetings. — The Highway Section has held 4 regular meetings 
during the year, with an average attendance of 46. Present membership 87. 

Northeastern University Section. — The Northeastern University Section has held 
3 meetings during the year, with an average attendance of 59. Present total mem- 
bership 180, of which 57 are in attendance at the University. 


Journal 


The complete report of the Editor of the JouRNAL for the calendar year 1936 will 
be printed in the April, 1937, JOURNAL. 


Funds of the Society * 


Permanent Fund. — The Permanent Fund of the Society has a present value of 
$50,000. The Society again authorized the use of as much as necessary of the current 
income of this fund in payment of current expenses. 

John R. Freeman Fund. — In 1925 the late John R. Freeman, a Past President 
and honorary member of the Society, made a gift to the Society of securities which was 
established as the John R. Freeman Fund, the income from which was about $1,300. 
The income from this fund is to be particularly devoted to the encouragement of young 


* Details regarding the values and income of these funds are given in the Treasurer's report. 
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engineers. Mr. Freeman suggested several uses, such as the payment of expenses for 
experiments and compilations to be reported before the Society; for underwriting 
meritorious books or publications pertaining to hydraulic science or art; or a portion 
to be devoted to a yearly prize for the most useful paper relating to hydraulics con- 
tributed to this Society; or establishing a traveling scholarship every third year open 
to members of the Society for visiting engineering works, reports of which would be 
presented to the Society. 

Edmund K. Turner Fund. — In 1916 the Society received 1,105 books from the 
library of the late Edmund K. Turner, and a bequest of $1,000, ‘‘the income of which 
is to be used for library purposes.” The Board voted to use $50 of the income for the 
purchase of books for the library. 

Alevis H. French Fund. — The Alexis H. French Fund, a bequest amounting to 
$1,000, was received in 1931 from the late Alexis H. French of Brookline, a former 
Past President of the Society. The income of this fund is “to be devoted to the 
library of the Society.” The Board voted to use a portion of the available income for 
permanent binding of certain periodicals. 

Desmond. FitzGerald Fund. — The Desmond FitzGerald Fund, established as a 
bequest from the late Desmond FitzGerald, a Past President and honorary member 
of the Society, provides that the income from this fund shall ‘“‘be used for charitable and 
educational purposes.”” The Board voted on January 22, 1936, to appropriate from 
the income of this fund the sum of $100, to be known as the Boston Society of Civil 
Engineers Scholarship in memory of Desmond FitzGerald, and to be given to a student 
of Northeastern University. Presentation of this scholarship was made by President 
H. K. Barrows at a student meeting of the University on April 22, 1936, to James L. 
Dallas of Beverly, Massachusetts, a senior student in civil engineering. This year, on 
January 27, 1937, the Board voted to award a scholarship which will be presented to 
the selected student at a special meeting of the students to be held at an early date at 
the University. 

Tinkham Memorial Fund.— The ‘Samuel E. Tinkham Fund,” established in 
1921 at the Massachusetts Institute of Technology by the Society ‘‘to assist some 
worthy student of high standing to continue his studies in civil engineering,” had a 
value of $2,477.64 on June 30, 1936. Mr. Thomas Evans of Quincy, Massachusetts, 
a student in civil engineering in the class of 1938 at Technology, has been awarded 
this scholarship for the year 1936-37. 

Clemens Herschel Fund. — This fund was established in 1931 by a bequest from 
the late Clemens Herschel, a former Past President and honorary member of the 
Society. The income from this fund is to be used for the presentation of prizes for 
particularly useful and commendable papers presented at meetings of the Society, 
The present value of this fund is about $1,000. The expenditure made during the 
year from this fund was for prizes. 

Edward W. Howe Fund. — This fund, a bequest of $1,000, was received Decem- 
ber 2, 1933, from the late Edward W. Howe, a former Past President of the Society. 
No restrictions were placed upon the use of this money, but the recommendation of 
the Board of Government is that the fund be kept intact, and that the income be 
used for the benefit of the Society or its members. The expenditure made during the 
year was very appropriately for the preparation of photographs and cuts for the pub- 
lication of the Address at the Annual Meeting, March 18, 1936, of President John B. 


Babcock, on “The Boston Society of Civil Engineers and its Founder Members,” 
published in the July, 1936, JourNAL. 
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Special Prize 


A paper of particular value to the membership at large was selected this year by the 
Board of Government, upon recommendation of the Committee on Prize Awards, for 
a special prize, namely, the Presidential Address of Past President John B. Babcock, 
3d, on ‘‘The Boston Society of Civil Engineers and its Founder Members,” delivered 
at the Annual Meeting on March 18, 1936, and published in the July, 1936, JouRNAL, 
The prize consisted of books, as follows: ‘‘Fifty Years of Boston,’ memorial volume 
issued in commemoration of the Tercentenary of 1930; ‘Elements of Railroad Engi- 
neering,” by W. G. Raymond, revised by Riggs and Sadler; ‘‘Early History of Modern 
Civil Engineering,’ by Kirby and Lawson. 


Desmond FitzGerald Medal 


The Desmond FitzGerald Medal (bronze) was provided for in 1910 as an endowed 
prize by the late Desmond FitzGerald, a former Past President and honorary member 
of the Society. The prize is awarded annually to a member who presents an original 
paper to the Society which is published in the JouRNAL for the current year. 

In accordance with the recommendation of the Committee on Awards, the Board 
of Government voted to award the Desmond FitzGerald medal to Albert Haertlein, 
member, for his paper on ‘‘The Design of Statically Indeterminate Trusses,’’ presented 
at a meeting of the Designers Section, held on January 8, 1936, and published in the 
Journat for April, 1936. 


Section Prizes 


The Board of Government voted on April 12, 1924, to present a prize for a worthy 
paper given in each section by a member of that section, ‘‘this award to consist of books 
suitably inscribed.” 

Sanitary Section Prize. — The Board adopted the recommendation of the Sanitary 
Section Prize Committee, and voted that the Sanitary Section Prize be awarded to 
Almon L. Fales, member, for his paper on “Chemical Precipitation of Sewage and In- 
dustrial Wastes,” presented at a meeting of the Sanitary Section on April 1, 1936, and 
published in the October, 1936, JouRNAL. The prize consisted of Merriman’s ‘Civil 
Engineers Handbook” and ‘Handbook of Chemistry and Physics,” edited by Charles 
D. Hodgman, M.S. 

Designers Section Prize. — The Board adopted the recommendations of the De- 
signers Section Prize Committee, and voted that the Designers Section Prize be awarded 
to Herman G. Dresser, member, for his paper on ““Some Features of Sewer and Culvert 
Design,” presented at a meeting of the Designers Section on March 11, 1936, and pub- 
lished in the October, 1936, JOURNAL. The prize consisted of the following books: 
“Rahmenformeln,”’ by Kleinlogel; “Continuous Frames of Reinforced Concrete,” by 
Cross and Morgan; and “Vibration Prevention in Engineering,” by Arthur L. Kimball. 


Clemens Herschel Award 


s Herschel, a former Past President and honorary member, gave 
s book on ‘‘Frontinus and the Water Supply of 
hat the Board award one or more of the books 


The late Clemen 
to the Society a number of copies of hi 
the City of Rome,” with the request t 
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each year as prizes for papers which have been particularly useful and commendable 
and worthy of grateful acknowledgment. 

On recommendation of the Desmond FitzGerald Committee on Awards, the Board 
made no award this year. 


Social Activities 


Five of the regular meetings have been held at the Engineers’ Club and one meet- 
ing at Chipman Hall, Tremont Temple, preceded by buffet suppers, under the direction 
of the Social Activities Committee. As usual, the most enthusiastic meeting was 
Student Night, held in November, and attended by members of the Student Engineer- 
ing Societies of Massachusetts Institute of Technology, Harvard, Tufts, Rhode Island 
State College, Brown University and Northeastern University Section of the Boston 
Society of Civil Engineers. An excursion was made to the Metropolitan District Water 
Supply Commission projects on the Ware and Swift Rivers on June 26, 1936; 125 
persons attended. 


Library 


The Report of the Committee on Library contains a complete account of the 
library activities during the past year. 


Society Activities 


The usual special committees dealing with the general activities and conduct of the 
Society have included the following: Program, Publication, Membership and Publicity, 
Library, Social Activities, Relation of Sections to Main Society, and Membership 
Records. Other special committees have included the following: Run-off, 1936 Floods, 
Desmond FitzGerald and other prizes, and John R. Freeman Fund and Welfare Com- 
mittee. Each of these committees has made a distinct contribution to the Society and 
has developed fields of endeavor which will prove of great benefit to the members. 

The Society has co-operated with the Engineering Societies of New England, and 
many members of the Society have served on Engineering Societies’ committees. 

Your Board, in conclusion, wishes to express its appreciation of the excellent work 
done by the officers of the Sections and by the committees of the Society. 


H. K. Barrows, President. 


Report of the Treasurer 


Boston, Mass., March 10,1937. 
To the Boston Society of Civil Engineers: 


During the past year the financial records of the Society have been carried for- 


ward in the manner established by your former Treasurer, and are shown on the 
enclosed tables, as follows: 


Table 1. Distribution of Funds — Receipts and Expenditures. 
Table 2. Record of Investments. 


It will be noted that it has been necessary to transfer $1,448.85 of the income of 
the Permanent Fund to the Current Fund to meet current expenses and to re-establish 


| 
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the Current Fund at $1,500. It is gratifying, however, to note at least a small increase 
in receipts of dues from members. 


DE 


1932-33 1933-34 | 1934-35 | 1935-36 1936-37 


Net expenditures (except such as pro- 
vided for by appropriations other 


than Permanent Fund income) . | $8,734 $7,228 | $7,609 | $6,333 $6,807 
Receipts from dues . : : : 6,030 5,540 5,390 5,115 5,358 
Deficit : - ‘ é . | $2,704 | $1,688 $2,219 | $1,218 $1,449 


TEES 


Following the practice established last year, the incomes from all investments 
have been pooled and allocated to the various funds on the basis of respective book 
values at the beginning of the year. Interest and dividends for the year totaled 
$4,477.57, being 5.185 per cent of the total book value at the beginning of the year, 
a slightly higher return than for the previous year. Several changes in the schedule of 
investments, as recommended by the Investment Committee, have been made during 
the year. These are shown in detail in Table 2. The changes in the two principal 
funds during the past five years are given below: 


a 


March 10, | March 10, | March 10, March 10, | March 10, 
1933 1934 1935 9. 1937 


Permanent Fund: 


Book value . : . _ | $50,263 | $50,348 $51,932 | $52,695 $54,865 
Market value in per cent of 
book value ‘ , | 85.42% | 91.42% | 90.92% 99.87% |103.90% 
John R. Freeman Fund: | | 
Book value . H : _ | $26,200 | $26,902 | $26,999 | $27,359 | $29,073 
Market value in per cent of 
book value ; : | 67.43% | 66.01% | 61.12% | 99.87% |103.90% 


OCS 


The total book value of all holdings on March 10, 1937, is $91,866.40, not includ- 
ing the value of the library and furniture, which for many years has been carried on 


the books at $9,905.11. 

During the past year it has been necessary for the Treasurer to be absent from 
Boston much of the time. While this has resulted in some inconvenience, we have 
been fortunate in having the help of Mr. Karl R. Kennison, who very kindly con- 
sented to serve as Acting Treasurer to take care of any emergency and to represent 


the treasurer in his absence. 
Respectfully submitted, 


Cuarves R. Matin, Treasurer. 
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Report of the Auditing Committee 


Boston, March 17, 1937. 


We have examined the records and accounts of the Secretary and the Treasurer 
of the Boston Society of Civil Engineers and have satisfied ourselves that these have 
been properly kept and that funds received and expended have been duly recorded. 
We have examined the securities enumerated by the Treasurer and verified the income 
from investments. In this examination your committee has been assisted by William J. 
Hyde, Certified Public Accountant. 

The signed reports of the Secretary and Treasurer, to which this statement is 
attached, are properly reconciled, summarize the transactions and indicate the actual 
financial condition of the Society. 

J. Sruart CRANDALL, 
A. B. EDWARDS, 


Auditing Committee of the Directors of the 
Boston Society of Civil Engineers. 


STATEMENT OF THE CERTIFIED Pusiic ACCOUNTANT 


Marcu 16, 1937. 


Mr. J. STUART CRANDALL, Chairman, Auditing Committee, Boston Society of Civil 
Engineers, Room 715, Tremont Temple, Boston, Massachusetts: 


Dear Srr:— In accordance with your instructions, I have completed an audit: 
of the financial records of the Society for the fiscal year ended March 10, 1937. 

Securities held by the Society as at March 10, 1937, were examined and correctly’ 
reflected the changes occurring within the year under review. All coupons for interest 
due were collected except three of the Chicago & Northwestern Railway Company, 
total $75, which are in default. Dividends earned were verified and all were correctly 
accounted for. The records of purchases and sales of securities were in agreement 


with brokers’ statements. 

Receipts reported as coming fro 
and found to be correctly entered in the Treasurer’s accounts. 

Co-operative bank earnings were verified and found correct. 

All vouchers paid were approved by your President and payment substantiated 
by examination of cancelled checks. 

A verified copy of your Treasurer’s report is attached hereto, and summarizes the 
detailed records of his ledger, which I have carefully checked and found in excellent 


condition. 


m your Secretary were compared with his records 


Respectfully submitted, 


Wn. J. Hybe, 
Certified Public Accountant. 
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Report of the Editor 


Boston, Mass., January 15, 1937. 


To the Board of Government, Boston Society of Civil Engineers: 


The Journat for the calendar year 1936 (Volume XXIII) was issued quarterly, 
in the months of January, April, July and October, as authorized by the Board of 
Government on December 20, 1933. 

During the year 1936 there have been published twelve papers, presented at meet- 
ings of the Society and Sections. The Contents and Index for the year 1936 are in- 
cluded in the October issue. 

The four issues of the JOURNAL contained 321 pages of papers and discussions, 
7 pages of Index, and 28 pages of advertising, a total of 356 pages. An average of 
1,238 copies per issue was printed. The net cost was $1,711.16 as compared with 
‘$2,091.41 for the preceding year. 

Table I includes a comparison of the costs for the JoURNAL from 1932 to 1936, 
inclusive. In Table II details of cost for Volume XXIII of the JouRNAL for the calen- 
dar year 1936 are shown. 

Respectfully submitted, 


Everett N. Hutcains, Secretary. 


TABLE I. — COMPARISON OF Costs OF JOURNAL, 1932-36, INCLUSIVE 


N 
YEAR Volume atte aut Be bas Totalt Me ee ob Cute 
Inserts 
10320 F om CIEE 635 | $3,906 87 | $6 17 | $2,600 62 | $4 10 108 
1933. : Pale NC Xee 331 2.2 05mon 6 84 1,389 36 417 82 
1934. : =|, 2O.811 383 2,966 67 7 74 2,081 37 5 43 126 
193507. , oo amt 323 2,628 16 poy oles} 2,091 41 6 47 119 


19301": : EXT Ta S56 


2,606 42 7 49 1,711 16 | 4 80 90 


* Includes Advertising Section and Annual Index. 
+ Gross cost includes editing, printing and mailing. 
¢ Net cost equals gross less amounts received for advertising, subscriptions and sale of JOURNALS. 
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TaBLe IT.— 1936 JouRNAL, VOLUME XXIII 
ISSUES OF — 
January April July October Total 
Number of pages: 
Papers and discussion . 56 93 99 80* 328 
Advertising and advertisers’ 
index . 6 7 7 8 28 
Total pages 62 100 106 88 356 
Number of cuts 14 21 21 34 90 
Cost of Journal 
Composition and printing $307 48 | $610 04 | $589 10 | $408 32 | $1,914 94 
Guts: . y : : : 69 42 100 01 S14 Saie 1509 815595 
Wrapping, mailing and postage 2 = a = 106 32 
Editing Ne ee - - - : 321 21 
Copyrighting = = = = 8 00 
Total gross cost of JOURNAL - = = i $2,666 42 
Receipts from subscriptions and sales of JoURNALS and reprints $276 95 
Receipts (net) from advertising 678 31 
Total receipts 955 26 
Pole sit 16 


Net cost of JOURNAL 


* Includes 7 pages of Index of 1936 JOURNAL. 


Report of the Committee on Social Activities 


Boston, March 17, 1937. 


To the Boston Society of Civil Engineers: 


The Committee on Social Activities submits the following report for the year 
1936-37. 

At the five regular meetings held at the Engineers Club during the past year, an 
average of 74 members and guests per meeting were served with buffet suppers. . This 
average is greater by 7 than for the previous year, and 17 greater than for two years 
ago. The smallest number served was 40 and the greatest 111. On an average, 31 
additional persons attended these meetings following the supper. 
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Eighty-nine members and guests attended the annual dinner at the Chamber of 
Commerce Building. 

One hundred and twenty-five members and guests made the excursion to the 
Ware and Swift Rivers Project in June. This excursion was made jointly with the 
International Conference on Soil Mechanics. Lunch was served at Enfield. 

One hundred and fifty-two were served at the Student Night meeting at Tremont 
Temple in November. This meeting included the Student Chapters of the American 
Society of Civil Engineers at Harvard, Massachusetts Institute of Technology, Tufts, 
Rhode Island State and Brown, and the Northeastern University Section of the Boston 
Society of Civil Engineers. The attendance at the meeting following the supper was 165. 

The February meeting at Harvard was a joint meeting with the Northeastern 
Section of the American Society of Civil Engineers and the Student Chapters. One 
hundred attended the supper and 950 persons were present at the meeting. 

The price of supper at the Engineers Club was increased from 90 cents to $1.25 
in September, therefore the Board of Government voted that beginning with the 
December meeting the charge to members of the Boston Society of Civil Engineers 
would be increased from 50 cents to 65 cents. They also voted that the charge to 
others than members of the Boston Society of Civil Engineers would be $1. 

Ten meetings were held during the year, as follows: 


March — Annual dinner, Chamber of Commerce. 
April 

May 

September >} — Regular meetings, Engineers’ Club. 
October 

December 

June — Excursion to Ware and Swift rivers. 
November — Student Night, Tremont Temple. 
January — Walker Memorial, M. I. T. 

February — Joint meeting with A. S. C. E., Harvard. 


The average attendance at meals for all these meetings was approximately 90. 
The average attendance at the meetings was slightly over 200. This represents a con- 
siderable increase over the average attendance for the previous year. We sincerely 
hope that the attendance at both suppers and meetings will continue to increase. 


Respectfully submitted, 


Joun H. HArpinG, Chairman. 


Report of the Committee on Membership and Publicity 


Marcs# 17, 1937. 
To the Boston Society of Civil Engineers: 


The Committee on Membership and Publicity presents the following report on 
its activities for the year ending with the annual meeting, March 17, 1937. 


| 
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Through an appropriation by the Board of Government, the Committee was 
able to have published a brochure outlining the activities and purposes of the Society 
which was distributed to all members, to all of the new Associate Members of the 
Engineering Societies of New England, and to numerous others suggested by various 
members, in all, about 1,200 copies being distributed. 

The report of the Secretary gives statistics of increases and losses in membership 
and of changes in grade. During the year there have been received a total of 77 appli- 
cations, either for new membership or advancement in grade, which is equal to about 
10 per cent of the membership at the beginning of the year. 


Respectfully submitted, 
Committee on Membership and Publicity, 


Wo. F. Donovan, 

H. G. DREsSER, 

A. B. EDWARDS, 

G. A. GRAVES, 

LeRoy M. HErRsvuM, 

H. D. Hurtey, 

K. C. REYNOLDS, 

F. N. WEAVER, 

H. P. Eppy, Jr., Chairman. 


Report of the Committee on Relation of Sections to the Main 
Society 


To the Boston Society of Civil Engineers: 


The Committee on Relations of Sections to the Main Society, made up of the 
four Section chairmen, has held no formal meetings during the year. Its function 
consisted largely in arranging several joint meetings between the main Society and 
the Sections. 

The By-Laws of the Sections require that eligibility to office and right to vote in 
a Section be limited to members in the Section. Members of the Society become 
members of the Section upon making written application to the Executive Committee 
of the Section. This procedure was desirable when separate notices of meetings of the 
various Sections as well as of the main Society were sent out. The membership list of 
the Section became its mailing list. Since notices are no longer sent out separately 
for each meeting, but are placed in the JoURNAL of the Engineering Societies of New 
England, the need of a separate mailing list for the Section is no longer required. 


he clerk of the Section makes his report on the activities of the 


Each year when t 
Section he finds that rarely has a member of the main Society made application for 


membership in a Section — it is no longer needed to receive notices of Section meet- 
ings and attend them. Also, in the selection of officers for the Section it frequently 
happens that the most active members of the Section who would be considered for 
holding office have not become officially affiliated with the Section. 
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In order to eliminate needless administrative detail, it is recommended that 
Article II of the By-Laws of the Sections be revised, as follows: 


Section 1. Members of the Boston Society of Civil Engineers in all grades shall 
be members of the Sections except that membership in the Northeastern University 
Section is limited to members of the Society in all grades, who are students, graduates 
or members of the faculty of Northeastern University. ; : 

SEcTion 2. Only members of the Northeastern University Section who are stu- 
dents at Northeastern University are eligible to hold office in that Section. 


Respectfully submitted, 
For the Committee, 


ALBERT HAERTLEIN, Chairman. 


Report of the Committee on Welfare 


Marcu 17, 1937. 
To the Boston Society of Civil Engineers: 


During the past year there have been no matters relating to the welfare of mem- 
bers of the Society requiring action by the Committee on Welfare, and in consequence 
it has not been necessary for the Committee to meet during the year. This encourag- 
ing situation with regard to the welfare of the members of the Society may be attrib- 
uted to increased activities in engineering planning and construction through Federal 
assistance, and to the efforts and accomplishments of the Emergency Planning and 
Research Bureau, Inc. 

The principal activities of the Emergency Planning and Research Bureau, Inc., 
during the past year have been carried on through its free employment service whereby 
hundreds of men have been registered for employment and many have secured work 
not only on Federal relief projects, but also in private industry. During the past year 
there have been 195 members of the Boston Society of Civil Engineers registered with 
the Bureau. 

All members of the Society who are desirous of securing a position should register 
with the employment service of the Emergency Planning and Research Bureau, Inc.; 
this employment service is desirous of securing the registration of all members of the 
engineering group who are available for employment. 


Respectfully submitted, 


RaLpH W. Horne, Chairman. 
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Report of the Library Committee 


Marcu 17, 1937. 
To the Boston Society of Civil Engineers: 


The Library Committee has held four meetings during the past year. 

Records show that about 125 books were taken out during the year. 

Fines have totaled $6.41. 

Sale of magazines has netted $2.50. 

Through the courtesy of J. B. Babcock, 3d, the copy of Emerson’s ‘‘ Hydrody- 
namics”’ has been replaced. 

Through the courtesy of Prof. Arthur Casagrande, of the Harvard School of 
Engineering, a set of three volumes of the “Proceedings of the International Confer- 
ence on Soil Mechanics and Foundation Engineering,’”’ held June 22 to 26, 1936, has 
been donated to the Society. 

A brochure of ‘The San Francisco—-Oakland Bay Bridge’’ has been donated by 
Prof. Albert Haertlein. 

The following books have been donated by various individuals: 


“Men, Money and Molecules,” by William Haynes, gift of the Chemical Foundation 
of New York. 

“Tndustrial America,” by Arthur Pound, from Atlantic Monthly Company. 

“Living Together in a Power Age,” by Samuel S. Wyer, from Associated Press. 

“Deterioration of Structures in Sea Water,’’ Committee Report of the Institute of 
Civil Engineers. 


The following reports have been added to the Library: 


Technical Procedure for Geodetic Surveys. 

Connecticut River Valley Water Resources Bibliography. 
High Water Data — Flood of March, 1936, in Massachusetts. 
Sources of Pollution — Blackstone River Valley. 

Deficiencies in Basic Hydrologic Data. 


The following books have been purchased by the committee: 


“Boundaries and Adjacent Properties,” by R. H. Skelton. 
“Engineering Valuation,” by Marston and Aag. 
“Handbook of Fire Protection,” by Crosby-Fiske Foster. 
“Hydraulics,” by F. C. Lea. 

“Materials of Engineering,” by H. F. Moore. 

“Materials and Structures,’”’ by E. H. Salmon. 

“Plain Concrete,” by E. E. Bauer. : 
“Resistance of Piles to Penetration,” by R. V. Allin. 
“Sewage and Sewage Treatment,” by W. A. Hardenbergh. 
“Soil Erosion and its Control,” by Quincy C. Ayres. 
“The Steady Flow Traffic System,” by Fritz Malcher. 
“Water Purification Control,” by E. S. Hopkins. 


A list of state reports to be discarded will be posted in the rooms of the Society. 
Any one desiring any of these may have them by applying at the Library. 


Respectfully submitted for the Chairman, 
A; J. HARTY, 


By Epw. S. AVERELL, Librarian. 
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Report of the Committee on John R. Freeman Scholarship 
Fund 


Boston, Mass., March 17, 1937. 
To the Boston Society of Civil Engineers: 


The John R. Freeman Fund Committee recommends to the Board of Government 
that the following-mentioned procedure be followed in connection with the adminis- 
tration of the John R. Freeman Fund for the year 1937: 

Mr. Leslie J. Hooper, Worcester Polytechnic Institute, Worcester, Mass., was 
awarded the Freeman Scholarship in June, 1934. He has been making a study and 
report on the hydraulic laboratories in this country. His inspection work is finished and 
his report will be ready for printing at an early date. He has done a tremendous amount 
of work on this assignment, far more than would be expected from a Freeman scholar, 
and has received the usual amount of $1,800 which accompanies one year’s scholarship. 

The Committee recommends — 

1. A further payment of $500 be made to Mr. Hooper from the Freeman Fund to 
cover extraordinary expenses in traveling and preparation of his report. 

2. That the report of Mr. Hooper be printed as an extra number of the JOURNAL 
cof the Boston Society of Civil Engineers, the number of copies printed being sufficient 
for the membership of the Society, and for distribution to all of the laboratories who 
thave assisted in the work, to the National Engineering Societies, and others who may 
desire them, approximately 1,500 copies, the cost of the printing and mailing to be paid 
for from the Freeman Fund. 

The scope of the report has been determined by the Committee and Mr. Hooper. 

3. If the report of the Run-off Committee is published, the Freeman Fund Com- 
mittee would suggest that a portion of the cost of the printing of the report be paid for 
from the Freeman Fund, the amount of such contribution to be determined when the 
cost is known. 

4. That a Freeman Scholarship be granted for the year 1937-38, and that notice 
of the same be published in the JouRNAL. Instructions to be sent to applicants for the 
award of the scholarship are being prepared by the Committee and will be sent to the 
Secretary for forwarding to the applicants. 


Very truly yours, 


CHARLES T. MAIN, 
Chairman, Freeman Fund Committee. 
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Report of the Committee on Run-off 


Boston, Mass., March 17, 1937. 
To the Boston Society of Civil Engineers: 


The Chairman of the Committee on Run-off offers at this time a preliminary 
-draft of a final report of the Committee on Run-off. It is a report of about one hun- 


“dred pages, with tables, diagrams, etc. 


This Committee was appointed in 1931 to continue the work of the 1922 Com- 
mittee on Run-off, so that the present report includes fifteen years’ records of rain and 
snowfall and run-off from New England streams. Also these later and more complete 
records afford the opportunity of testing out many of the conclusions suggested in the 
-earlier report. 

This draft of the report was intended to be in the hands of the Steering Com- 
mittee by January 1 of this year, but it was delayed because of the many reports and 
‘statements of a business nature required of me at the beginning of the new year. 
Copies of the report reached the Steering Committe only about a week before the 
annual meeting, affording little opportunity to study and criticize the report. 

If the Society votes to print the final report of the Committee, opportunity will 
be given each member of the Committee to study the material of the report and its 
-conclusions. 

ARTHUR T. SAFFORD, 


Chairman, Committee on Run-off. 


Report of the 1936 Flood Committee 
Boston, March 17, 1937. 


The Flood Committee held its first meeting on April 15 and appointed a “steering” 
subcommittee. This subcommittee found that there were so many agencies collecting, 


compiling and analyzing flood data that there was nothing useful that the committee 


could do without duplication of effort. It was decided, however, that a list of all the 


agencies engaged in flood work would be useful. The Committee therefore prepared 


such a list which was published in the April JOURNAL of the Society, and later a more 
complete list of which about seventy copies were sent to members of the Flood Com- 
mittee, all the flood agencies and others interested. The complete list contained the 
names of twenty-eight agencies collecting flood data in New England. 

Just as in the case of the 1927 flood, the subcommittee found that nothing further 
useful could be done until various reports containing the flood figures were available. 
Copies of the United States Army Engineers reports on Flood Control for the New 


England rivers have been requested, but have not yet been received. It is expected 
ill soon be available for submission to the Committee 


for any action on these flood control plans that may seem desirable. Other reports will 


hat the Committee can then proceed with its study of the flood. 


No definite plans for this study have yet been made. 
In this connection it seems pertinent to refer to the value to the science of flood 
d Committee by a quotation from the recently 
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published United States Geological Survey Water Supply Paper No. 771, ‘‘Floods in the 
United States.” 


The Boston Society of Civil Engineers proposed a formula based on a study of 
floods in New England... . . 

The idea of a fairly constant base for hydrographs of storm run-off at a given 
station, with the peak discharge varying with the magnitude of that portion of the 
rainfall appearing as direct surface run-off during a prescribed period, expressed or 
implied in connection with the presentation of this formula, is one of the fundamentals 
underlying some of the most valuable recent contributions to the science of hydrology. 


The 1927 Committee has set a high standard of achievement for the 1936 Committee 
to live up to. 
Respectfully submitted, 


ARTHUR T. SAFFORD, Chairman. 


By H. M. Turner, Vice-Chairman. 


Report of the Executive Committee of the Sanitary Section 


Boston, March 3, 1937. 
To the Sanitary Section, Boston Society of Civil Engineers: 


During the year four meetings have been held, as follows, at which the following 
papers have been given: 


_ March 4, 1936.— Annual meeting and election of officers at the Society rooms. 
Adjourned to join meeting of Engineering Societies of New England on Aviation. 
Attendance, 15. 


April 1, 1936. — “Chemical Precipitation of Sewage and Industrial Wastes,’ by 
Almon L. Fales of the firm of Metcalf & Eddy, Consulting Engineers. Attendance, 43. 

October 7, 1936. — “The Description of the New Natick Sewage Disposal Plant,’ 
by Mr. Elwood W. Ward. Attendance, 23. 

December 2, 1936. — ‘‘Works Progress Administration River Pollution Studies — 
on the Blackstone, Hoosic, Housatonic and Nashua Rivers,” by Mr. Edward Wright, 
Sanitary Engineer, Massachusetts Department of Public Health, Mr. John H. Hard- 
ing, Director, W. P. A. State Planning Project, and Mr. Ivan A. Buchanan, Co- 
ordinator, W. P. A. State Planning Project. Attendance, 37. 


The total attendance at all meetings was 118, averaging 30. 

The annual outing was held on June 13, 1936. At this time an inspection was made 
of the Braintree-Weymouth Metropolitan Sewage Pumping Station, also of the Wey- 
mouth Water Treatment Plant, the Braintree Water Purification Plant, and the Ran- 
dolph—-Holbrook Water Treatment Plant; 28 persons attended the excursion. 

Executive Committee meetings have been held prior to Section meetings. 


Respectfully submitted, 
For the Executive Committee, 


RatpH M. Sous, Clerk. 
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Report of the Executive Committee of the Designers Section 


Boston, March 10, 1937. 
To the Designers Section, Boston Society of Civil Engineers: 


This Section has held eight regular meetings during the year, as follows: 


March 11, 1936. — Annual meeting and election of officers at the Society rooms. 
Speaker, Mr. Herman G. Dresser, on ‘‘Some Features of Sewer and Culvert Design.” 
Attendance, 27. 

April 8, 1936. — Speaker, Dr. William F. Clapp, Consulting Biologist, on ‘‘ Marine 
Borer Problems.’ Attendance, 60. 

May 13, 1936.— Speaker, Mr. John R. Nichols, Consulting Engineer, on “Un- 
usual Features of Structural Design Involved in the Design of the Harvard Astro- 
nomical Observatories.”” Attendance, 14. 

October 14, 1936. — Speaker, Mr. Irving B. Crosby, Consulting Geologist, on ‘“En- 
gineering Geology of the Passamaquoddy Project.” Alttendance, 45. 

November 4, 1936. — Speaker, Mr. Henry L. Kennedy, Manager of the Cement 
Division, Dewey & Almy Chemical Company, on “Practical Application of Catalysis 
and Dispersion to Cement and Concrete.”’ Attendance, 30. 

December 9, 1936. — Speaker, Dr. J. P. Den Hartog, Associate Professor of Applied 
Mechanics, Harvard University, on ‘* Dynamics Applied to Engineering Problems.” 
Attendance, 150. 

January 13, 1937. — Speaker, Mr. E. L. Durkee, Assistant Engineer, Fabricated 
Steel Construction, Bethlehem Steel Company, on “Structural Steel Bearing Piles — 
Their Use and Capacity.” Attendance, 85. 

February 10, 1937. — Speaker, Prof. Dean Peabody, Jr., on ‘‘The Effect of the 
American Concrete Institute’s Reinforced Concrete Column Tests on Design.’’ Attend- 
ance, 40. 


Three papers which had been presented at our Section meetings were published in 
the JourNAL during the year, being: 
“Characteristics of Cohesionless Soils Affecting the Stability of Slopes and Earth 


Fills,’ presented by Prof. Arthur Casagrande, November 13, 1935, and published in 


the January, 1936, number. 

“The Design of Statically Indeterminate Trusses,” presented by Prof. Albert 
Haertlein, January 8, 1936, and published in the April, 1936, number. 

“The Design Features of Pipe and Concrete Sewers and Culverts,’ presented by 
Mr. Herman G. Dresser, March 11, 1936, and published in the October, 1936, number. 


The total attendance at all meetings was 451, with an average attendance of 56. 
For the meetings held in the Society rooms the average attendance has been 43. 

Our loss in membership has been exceptionally large this past year, owing to the 
fact that the main Society has dropped many members for non-payment of dues, and 
the loss of such members who were also enrolled in the Designers Section is reflected in 
our roll. There have been some resignations, and we have lost one member by death, 
Mr. J. W. Woodhall. 

Membership in the Section as of March, 1936, was 165. Our loss for the year is 1 
member by death and 34 either resigned or dropped, a total loss of 35, leaving our re- 
corded membership for March, 1937, at 130. 


Respectfully submitted, 
For the Executive Committee, 


Antuony S. Coomss, Clerk. 
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Report of Executive Committee of the Highway Section 
Boston, February 24, 1937. 


To the Highway Section, Boston Society of Civil Engineers: 


During the past year four meetings were held. 


February 26, 1936. — Annual meeting, election of officers. This was a joint meet- 
ing with the Designers Section. The speaker of the evening was Mr. Albert E. Klein- 
ert of the Massachusetts Department of Public Works, who presented a paper on 
“The Design and Construction of the Quincy—Weymouth Fore River Bridge.” Attend- 
ance, 50. 

May 27, 1936. — Mr. E. F. Copell, Traffic Engineer of the Massachusetts Depart- 
ment of Public Works, read a paper on “‘ Methods of controlling traffic.” Attendance, 30. 

November 24, 1936.— Mr. Philip H. Kitfield, Assistant Project Engineer of the 
Massachusetts Department of Public Works, presented a paper on the subject, 
“Recent Highway Developments between East Boston Tunnel and Newburyport 
Turnpike.” Attendance, 30. 

January 27, 1937. — This meeting was held in conjunction with the meeting of 
the entire Society. The speaker, Mr. Charles R. Noble of the Port of New York 
Authority, presented a paper on ‘‘Design of Modern Express Highways from the 
Standpoint of Safety.” Attendance, 75. 


The total attendance at all meetings during the year was 185; the average attend- 
ance was 46. 
Respectfully submitted, 


Tuomas C, CoLEeMAN, Clerk. 


Report of the Executive Committee of the Northeastern 
University Section 


Boston, March 11, 1937. 
To the Boston Society of Civil Engineers: 


During the past year the Section has held six meetings, as follows: 


March 10, 1936. — ‘‘The Manufacture of Cement,” by H. W. Eldredge, Technical 
Service Engineer for Universal Atlas Cement Company. Attendance 75. 
: ol ” Aa hare orgs cya eae of officers. ‘‘The Sanitary Conditions 
of Boston Harbor,” by Dr. Gail P. Edwards, Laborat Co-ordi 
ee ent 2 Public Health. Attendance, 75. nee ae 
ctober 29, 1936. — ‘Discussion of Work done by the Massachusetts Depart 
ment of Public Health,” by Francis H, Kingsbury, Senior Assi i ae. 
ees rola Pats: Public Health. Avondarte 27. rah bavo kia ek 
anuary 21, 1937. — ‘Problems in Design of Waterfront Struct } 
sa - the yaa Sates Se eat Compan Atndineey 10 ore 
ebruary 25, .=— ‘Pile Foundations,” by J. St : i 
the Crandall! Dry Dock Engineers. Attendance, 30. Y eae monmens a 


March 11, 1937. — Special business meeting, election of officers. Attendance, 28. 
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Field trip, October 21, 1936, Division A. — Metropolitan Relief Sewer Project at 
Stoneham, Medford and Winchester. 


Average attendance at meetings was 52. 
Average attendance at Field Trips was 45. 
Membership in March, 1936, was 95. 
Membership at present, 43. 
Respectfully submitted, 


For the Executive Committee, 


RoBERT WM. SmiTH, Clerk. 
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WORKS AT 
GLENWOOD STATION, MEDFORD, MASS. 


Blue Prints - Photostat Prints - Black-Line Prints 
Planograph Prints - Drawing Supplies and Equipment 


HUTCHESON COMPANY, IINC. 
Graphic Reproduction Specialists 
36 BROMFIELD STREET, BOSTON 


Telephone, LiBerty 1467-1468 


PHOTO ENGRAVERS 


COLOR PLATES - HALF-TONES 
LINE PLATES 


ALGONQUIN 


ENGRAVING CO. Inc. 


18 Kingston Street, Boston, Mass. 
Tel. HAN 4855 


U. HOLZER, Inc. 
BOOKBINDER 


333 Washington Street (Opp. Milk Street) 
Or 24 Province Street Main Shop at Hyde Park 


T. STUART & SON COMPANY 


General Contractors 


70 PHILLIPS STREET 


Books Bound, Charts Mounted, Portfolios, WATERTOWN é MASSACHUSETTS 


Lettering, Photographs Mounted 


Bay STATE DREDGING & CONTRACTING CO. 
CONTRACTOR Ss 


RIVER AND HARBOR IMPROVEMENTS 


Wharves, Pile Driving, Sea Walls 
Breakwaters, Bridges 
General Marine Work 


East Boston, Mass. 
62 Condor Street 


TELEPHONES 


EAST BOSTON 1834-1835 
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Z e JOUNS MANVILLE Ti h 
Samuel J. Tomasello Corporation pe sy. be JM ‘8 Flexible 


CONTRACTORS Cepactty pre Joints 
Tomasphalt and Bituminous TRANSITE PIPE 
Paving Products (Asbestos - Cement) 

ASPHALT PAVEMENTS GRANITE BLOCK PAVEMENTS Johns a Manvill e 
OFFICES and PLANT SALES CORPORATION 
DORCHESTER RG -" a MASS: | ie Seren ieiwer Seer ee 

C. J. MANEY CO., Inc. Courtesy of 


CORRUGATED METAL PIPE 
ASSOCIATION 


OF 
<< NEW ENGLAND 


50 CONGRESS STREET BOSTON | 31 Miik Street - Boston, Mass. 


RICHARDSON & GAY | FRED A. HOUDLETTE & SON, INC. 
Consulting Engineers 


Reports - Estimates - Plans - Specifications 


Power - Heating 
Ventilation - Electrical 
Sanitary - Waterworks 

Supervision 


12 PEARL STREET - - BOSTON, MASS. 


THE CHAPMAN VALVE M. R. PARSONS 


MFG. COMPANY 
71 A Street - BOSTON, MASS. 


General Contractors 


JOSEPH MANEY, President 


Cast Iron Pipe and Special 
Castings 


Corrosion Acid Proof 
High Silicon Pipe 


Chemical Castings 


88 TREMONT STREET. BOSTON 


Southern Yellow Pine — Oak and 
Spruce — Creosoted Piling 


VALVES 
BOR: SUA SEEMIGES 80 BOYLSTON STREET 
SLUICE GATES - SHEAR GATES 
FLAP VALVES BOSTON, MASS. 


ASPHALTS 


FOR 


ALL PURPOSES 
STANDARD OIL OF NEW YORK 


DIVISION OF 
SOCONY-VACUUM OIL COMPANY, INC. 
31 ST. JAMES AVENUE 


BOSTON, MASS. 


Please mention the Journal when writing to Advertisers 


ADVERTISEMENTS vii 


Specify 


TDA 


TREATED CEMENTS 
for Strength and Durability 


Write for Details 
DEWEY & ALMY CHEM. CO., CAMBRIDGE 


EQUIPMENT MANUFACTURERS’ 
FOR SALE AND RENT AGENT 


ABERTHAW COMPANY 
EquIPMENT DIVISION 


SPECIALISTS IN CONSTRUCTION EQUIPMENT 
OF ALL KINDS 
133 SOUTHAMPTON STREET 
BOSTON, MASS. 


6700 
J. M. SOKOLL TEL. HIGHLANDS 46701 
MANAGER 6702 


Telephone LIiBerty 5237 
Hooper Boiler Setting Service, Inc. 


SPECIALISTS ON 
Refractory Construction and Repairs 
BOILER SETTINGS — STILLS 
FURNACES — KILNS 


10 HIGH STREET BOSTON, MASS. 


New ENcLanp Inspection Bureau, 


INCORPORATED 
Testing Engineers 


Asphalt - Cement - Concrete - Steel 
280 Albany Street, Cambridge, Mass. 


TROwbridge 2070 


RALPH P. HALL 


Sale and Installation of Pumping 
Equipment 
F. A. MAZZUR CO., INC. 
Contracting Engineers 
Water Works Installation 
141 MILK STREET BOSTON 


WATER METERS - STOPS 
AND FITTINGS 
ALTITUDE VALVES 


Water Pressure Regulators 


UNION WATER METER COMPANY 


WORCESTER, MASS. 
ee 


THE THOMPSON & LICHTNER CO., INC. 


Engineers 


Designs and Engineering Supervision 
Investigations, Testing and 
Inspection of Structural Materials 
Concrete Quality Control 
Marketing and Production Service 


PRESERVATIVELY TREATED 


Timbers, Lumber, Ties, Poles 
and Piling 
THE WoOoOD PRESERVING 
CORPORATION 


CENTURY DIVISION 
250 STUART STREET - BOSTON, MASS. 
iene SS 


BLUE PRINTS DIRECT WHITE PRINTS PHOTOSTATS 


Mopern Buve Print Co. 


Engineers’ and Architects’ Supplies 
Instruments and Equipment 
Drafting Room Furniture 
51 CORNHILL - - BOSTON 
CAPITOL 1277, 1278, 1279 


BUFF PRECISION 


is continuously in the 
forefront 


All Makes Repaired 
at Reasonable Cost 


Buff & Buff Co. 


Jamaica Plain, Mass. 
Jamaica 0370 


OfficesandLaboratory, 620 NEWBURY ST., BOSTON, MASS. <b Messenger will call 

—__ 

J. F. Fitzgerald Construction Co. | Roy B. RENDLE & CO., INC. 
INCORPORATED 


B ild PILE DRIVING, WHARF AND 
Contractors - Dulcers BRIDGE BUILDING 


214 ESSEX STREET 


CORNER OF ATLANTIC AVENUE 
BOSTON, MASS. 


364 BORDER STREET. EAST BOSTON 


TEL. 0490-0491 EAST BOSTON 
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COMPLIMENTS OF 
GENERAL CABLE CORPORATION 
New ENGLAND DISTRICT . 
89 BROAD STREET 
BOSTON 


EDSON MFG. CORP. 


DIAPHRAGM PUMP SPECIALTIES 


Hand Pumps. Heavy Duty and Light Port- 
able Power Pump Outfits 


EDSON 
Special Suction Hose Red Seal Diaphragms 
Pump Accessories 


Main Office and Works 
49 D Street, South Boston, Mass. 


Y NATIONAL GUNITE CONTRACTING CO. 


LICENSEE FOR 
THE PRELOAD SYSTEM CO. 


Crack Proof Tanks, Pipe Lines, etc. 

=— GUNITE CONSTRUCTION — 

“82 WEST DEDHAM STREET 
BOSTON 


Tue Nationa. Meter Company 
368 Congress Street 
BOSTON 
Water, Oil and Gasoline Meters 


BROOKLYN CHICAGO SAN FRANCISCO 
LOS ANGELES DALLAS 


S. MoRGAN SMITH COMPAN 


Manufacturers of 
Hydraulic Turbines 
and Accessories 


Rotovalves - Fabricated Steel 
176 FEDERAL STREET BOSTON, MASS. 


ENGINEERING 


Charles Braning Company, Inc. 
SURVEYING & MINING 


BLUE PRINTING 


INSTRUMENTS 
Black & White Prints (B & W) 
Drafting Materials C.L. BERGER & SONS 
72 SUMMER STREET, BOSTON INC. 


Telephone LiBerty 2862 


CHICAGO PUMP COMPANY | (aMBRIDGE MACHINE & VALVE INC. 


Sewage, Water, Heating and Power Plant Pumps Binney and Potter. Streets 
PACIFIC STEEL BOILER DIVISION CAMBRIDGE, MASS. 


Low Pressure Heating Boilers 
Gate Valves - ‘‘Approved’’ Fire 
JAS. P. MARSH CORP. Hydrants - Sluice Gates 
Heating Specialties, Valves, Traps, Etc. All types of Operating Mechanism 
Shear Gates - Flap Valves - Etc. 


TELEPHONE KIRKLAND 4140 


UNITED CORK COMPANIES 


716 Columbus Avenue 
BOSTON, MASS. Tel. GARrison 3740 
Manufacturers and Erectors of 
UNITED’S CORK INSULATION 
100 Per Cent Pure — U. S. Govt. Standard 


All Types of Cold Storage Construction - Re- 
frigerators - Cold Storage Doors - Cork Pipe 
Covering - Cork Tile Floors - Acoustic 


37 WILLIAMS ST., BOSTON, MASS. 


Represented by 


L. J. TIERNEY COMPANY 


10 High Street, Boston HANcock 7924 
Bieber e ee Sae 


CINUCOR 


The Building Unit of Tomorrow 
Firesafe, Lightweight, Highly Insulative 


A PERFECT BOND FOR PLASTER 


CINDER CONCRETE UNITS INc. 


Middlesex Avenue, Somerville, Mass. 
Tel. SOMerset 2752 
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ANTHONY ROSS & SON, Inc. | THE BOSTON BRIDGE WORKS, INC. 


Public Works Contractors 301 Binney Street 
poteea, 1890) CAMBRIDGE, MASS. 


Water Works, Sewerage and 
Manufacturers and Erectors of 


Sewage Disposal 
STEEL BRIDGES AND BUILDINGS 


Office and Yard 
173 Bedford Street - Lexington, Mass. Since 1876 
JOHN G. ANDREWS, Pres. HENRY V. MORGAN,Treas. 


Tel. LEX. 1032 


Planographic Reproductions 
(Photo Offset Printing) 
in any quantity 
THE ALDEN PRESS 
PRINTING 
217 FRIEND STREET, BOSTON 
Telephone CAPitol 4530 


BUILDERS IRON FOUNDRY |SCIENTIFIC BOOKS 
AND PERIODICALS 


GEO. MCQUESTEN So: 
LUMBER 


OF ALL SPECIES AND GRADES 
FOR CONSTRUCTION AND INDUSTRIAL USES 


N. E, LICENSEES TECHNICAL DATA 
TIMBER ENGINEERING CO. ON REQUEST 


EAST BOSTON, MASS. 


Metering and Controlling Equipment 
for Water Works, Disposal Plants, 
and Industrial Use 


Venturi Meters, Chronoflo Meters, 
Globe Special and A. W. W. A. Fittings 


9 CODDING STREET 
PROVIDENCE, R. I. 


THE OLD CORNER BOOK STORE 


50 BROMFIELD STREET 
BOSTON, MASS. 


ee ee 
AMERICAN LUMBER & TREATING CO. Eanes 3G00Rs 
BREA NGRSER VICE AY NEW ENGLAND BRANCH OF THE ROBINSON CLAY PRODUCT CO. 
EST BORO. MAS>- 135 NORTH BEACON STREET 


WOLMANS SALTS AND CREOSOTE BRIGHTON DISTRICT, BOSTON, MASS. 


Telephone Stadium 8900 
141 MILK STREET, BOSTON VITRIFIED CLAY SEWER PIPE 
TEL. LIB. 8400 


SEGMENT BLOCK - LINER PLATES 
SS 


Somerset Printing Co. 
CoMMERCIAL PRINTING 


Speed your business on its way 
Speed your printer every day 


CALENDARS FOR 1938 
TIME TO ORDER YOUR DESIGN 


221 HIGH ST., BOSTON TEL. Lis. 3925 
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NOMINATING COMMITTEE 
i Past Presidents (Members of the Committee) 
Harry E, SAwrELL Ratpx W. Horne ArTHUR W. DEAN 


AMES F, BRITTAIN Henry B. Avo! 
f RD 
Sino eee Grorce C. Houser 
a; ee fs aoe jose ALBERT E. KLEINERT 
expires March, ) (Term expires March, 1939) 
SPECIAL COMMITTEES 
Program . 
ae ArtHuR D. Weston, Chairman, ex officio 
Harry P. BurRDEN SaMUEL M. ELLSwortTH . B. Kinnt 
Tuomas R. Camp ALBERT HAERTLEIN ae R. aha ee 
Grorce H. DELANO Everett N. Hurcrins Wiiiiam F. Uni 


Hersert D, HuRLEY 


Publication 
Everett N. Hurcuins, Chairman 
J. Stuart CRANDALL Gorpon M. Fair ~ Watpo F. Pike 


Membership and Publicity 
H. P. Eppy, Jr., Chairman 


W. F. Donovan A. B. Epwarps - XK. C, Reyni 
H. G. DRESSER G. A. GRAVES eae ae WEAVER 
L. M. HERSUM 


Library 
EUGENE MIRABELLI, Chairman 
Henry B, ALVoRD Krrpatt R. GARLAND C. F. Joy, Jr. 
Epwarp S. AVERELL E, A. VARNEY 


Social Activities 
Joun H. Harvinc, Chairman 
Epwarp F. KELLEY JosepH D. GUERTIN 


Relations of Sections to Main Society 

e HERMAN G. DRESSER, Chairman 

3 RicuHarp S. HOLMGREN ALEXANDER J. BONE G. L, CHENEY 
3 ‘ 

z. Membership Records 


; Joun B. Bascock, 3p, Chairman 
| J. STUART CRANDALL A. B, EpwaRps Everett N. HurcHins 
* 
; Run-Off 
4 ArtHur T. SAFFORD, Chairman 
H. K. Barrows F. H, KInGsBURY L. B. PuFFER 
H, P. BuRDEN H. B. KINNISON H. M. TuRNER 
R, W. Horne R, R. MARSDEN W. F. Usv 
; S. S. Kent WILLIAM NOYES F, E. WINSsOR 
q ‘ Welfare 
i : RartpuH W. Horne, Chairman 
John R. Freeman Fund 
Cuaries T. Matin, Chairman 
RoBERT SPURR WESTON Howarp M. TURNER 


CHARLES M. ALLEN 


Desmond Fitzgerald Award 
ALBERT HAERTLEIN, Chairman ; 
Frank E. WINSOR Cuarres J. O'DONNELL 

' 1936 Flood Committee 
Z Howarp M. TuRNER, Chairman 
(See April, 1936, JouRNAL for Complete Membership) 
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